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A significant advance in rosin size 
technology is the development of the 
new Hercules Automatic Emulsifying 
Process.* Completely automatic, it con- 
verts Hercules Paste Rosin Size into a 
dilute emulsion. The new process saves 
considerable Jabor, eliminates the 
necessity for large storage tanks, re- 
quires a minimum of space. Easy to 
install, it also permits the use of cer- 
tain types of sizes which could not 
previously be used because of inade- 
quate emulsion stability. Many mills 
are adapting this process to their 
papermaking economy. Write for our 


new booklet. 
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Thilmany: glassine and kraft specialties 


One of the oldest manufacturers of glassine and kraft specialties is Thilmany Pulp and Paper Company, at 
Kaukauna, Wisconsin. In 1891, Thilmany bought the first Beloit Yankee machine ever built; it’s still operat- 
ing, along with a new Beloit machine installed in 1942. Just recently another Beloit machine was started 
up, the mill’s No. 10... Ever since 1858, when Beloit Iron Works was founded, industry leaders have looked 


to Beloit for the newest and best in paper machinery.— Beloit Iron Works, Beloit, Wisconsin. 


BELOIT 


PAPER MACHINERY 


TITANOX 


PIGMENTS 


impart 
higher opacity 
to all types 
of paper 


The excellent opacifying, whitening and 
brightening results contributed to lightweight and 
waxed stock by TITANOX pigments are also imparted 
to publication papers. Here, a reduction of 
“show-through” and higher printing opacity are available 
through the use of these famous titanium dioxide pigments. 
Thus, the attractiveness of printed messages and illustrations 


is greatly enhanced. 


Our Technical Service Laboratory staff members will be glad to 
discuss with you the possibility of creating greater sales-appeal in 
your paper with TITANOX pigments... and doing it economically. 
Call or write our nearest office. Titanium Pigment Corporation, 

111 Broadway, New York 6, N. Y.; 104 So. Michigan Ave., 

Chicago 3, Ill.; 2600 So. Eastern Ave., Los Angeles 22, Calif. 


Branches in all principal cities. 


TITANOX 


TITANIUM PIGMENT CORPORATION 


Subsidiary of NATIONAL LEAD COMPANY 
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zed by the paper industry 


( 
HLORINE first began to be an important factor 
in the pulp and paper industry in the twentieth 
century. The basic procedure in pulp bleaching 
had already been established. As early as 1830 
reference is made to its commercial use in Russia 
for bleaching straw and esparto. By 1847 chloride 
of lime had been substituted for chlorine water. 
The rapid expansion of the pulp and paper 
industry coincided closely with the increase in 
the electrolytic manufacture of high quality 
chlorine. ‘The cooperative research and experi- 
mentation of pulp and paper makers and chlor- 
ine producers were also potent factors in the 
development of superior bleaching processes. 
These led to the economical and large volume 


g _ production of high quality papers. Hooker Elec 
< trochemical Company has been active in these 

ze ; | | : ae developments, has contributed much to the tech- 
\ . . ~ & niques of pulp bleaching, and in the engineering 

\ \ “know how’ that were so necessary to make these 


A processes practical. 
: Having grown up with the pulp and paper 
industry, Hooker knows the importance of uni- 
. form high quality chemicals and continues to 
x provide chlorine, caustic soda, and other Hooker 
pulp and paper chemicals that more than meet 
\ \ your standards for purity. 
| \ \ Hooker Technical Bulletins, soine old and 
\ some new, are of particular value to newcomers 
in this industry. A request on your letterhead 
will bring you a list of those available. 


er, 


HOOKER ELECTROCHEMICAL COMPANY 


4704 BUFFALO AVE. @ NIAGARA FALLS, N. YY. 


New York, N.Y. Tacoma, Wash. Wilmington, Calif. 


HOOKE 


CHEMICALS 


austic Soda Muriatic Aci 
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chlorbenzene Chlorine Sodium Sulfhydrate 
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GENERAL AMERICAN 
EQUIPMENT 


installed or contracted for by Pulp & Paper Mills 
during the past two years include 


DIGESTERS and BLOW TANKS 
GENERAL AMERICAN SYSTEM RECAUSTICIZING PLANTS: 


Lime Re-Burning Kilns 
Tray Thickeners 
Causticizers 
Lime Mud Filters. 
Slakers 


EVAPORATORS: 
FOR SULPHATE PULP MILLS 
Conkey Self-Supporting Type 
Conkey Long Tube Film: Type 
FOR SULPHITE PULP MILLS 
“Conkey Horizontal Submerged 
Tube Forced Circulation Type 


BINS and TANKS 


“All evaporating equipment in the 
first MgO Plant was supplied by us. 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


Process Equipment Division eee ee? 
SALES OFFICE: 10 East 49th St., Dept. 820e, New York 17, N. Y. ( 
WORKS: Sharon, Pa., East Chicago, Ind. 


OFFICES: Chicago, Cleveland, Louisville, Orlando, Pittsburgh, St. Louis, Salt Lake City, Sharon, Washington, D.C. 
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HERMANN 
CLAFLIN REFINER 


“WITH” 


PLUG (7402) 


BRUSHING-HYDRATING FILLING 


HOR: 
CONTINUOUS STOCK PREPARATION 


This type filling is producing very satisfactory results with low power per ton for 
the amount of work accomplished in place of beaters and all jordans in helping pre- 
pare Kraft Pulps for grades requiring maximum strengths including cement bag, 
gumming, waxing, envelope, bond, bag and specialties. 


Equally suitable for Sulphite grades with mixed furnish of Sulphite and Kraft, | 
Soda Pulp, Groundwood, Cotton Linters and Deinked Stock. 


Also used by Board Mills for top liner with furnish of pulp and kraft cuttings or 


100% kraft waste. Corrugated and mixed paper for filler brushed out with a minimum 
of cutting and fibre loss. 


Two hundred units with various types of fillings are in operation in mills in Alabama, 
Arkansas, Illinois, Louisiana, Michigan, Minnesota, Mississippi, New Jersey, Ohio, 
Tennessee, Texas, Wisconsin, and other states, including Canada. 


THE HERMANN MANUFACTURING CO. 


Also: TAPPI Standard Pulp Testing-Sheet Making Apparatus 
LANCASTER, OHIO 
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_ AT LAST IT’S HERE! 


| coceceee CONTINUOUS 
ae WHITE WATER HEATING 


i 7 ~~ *«{ WITH NO SHUTDOWNS 


JE FOR CLEANING....... 
(o’ i 


a | Paracoil Automatic 
SELF CLEANING 


WHITE WATER HEATER 


| Specially Designed for the Paper Industry 
FE z2, 
| ! ‘ it 
| ‘a; Cie A 


th HOW IT WORKS 


The transverse heater baf- 
fles, which also serve as 
tube surface cleaners, are 
connected by tie rods to the 
yoke plate, which in turn 
is connected to the drive 
mechanism at the right. 
The time controls close. the 
motor Circuit at predeter- 
mined intervals. The yoke 
plate moves each baffle longitudi- 
nally along the tubes, until the 
drive mechanism reverses the ac- 
tion and returns the baffles to 
their original position. 

Available in models for either 
manual, electric motor or hy- 
draulic piston drive. Automatic 
types operate on adjustable pre- 
determined time schedules. 


WHITE WATER OUTLET 


BAFFLES 
MOVE 
FORWARD 
AND 
BACKWARD 
LEAVING 
TUBES 
CLEAN 
ASA 
WHISTLE 


Patent No. 1826747 
Other Patents 
Applied For 


A BATCHi OF MANUAL TYPE SELF 
CLEANING HEAT EXCHANGERS 
READY FOR SHIPMENT. 


Every Inch of Every Tube Is Thoroughly Cleaned At Every Cycle! 
100% Heater Capacity Available At All Times! 
Standby Heating Equipment No Longer Needed! 
Old Style Heater Cleaning Costs Forever Banished! 


TAPPI © January 1949 Vol. 32, No. 1 


ENGINEERING 
- CORPORATION 

1064 East Grand Street 
Be Elizabeth 4, New Jersey 

30 Rockefeller Plaza, New York 20 
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A UNIQUE, NEW FOXBORO SYSTEM - 


AN ENTIRELY NEW type of measuring head cou- 
pled with the sensitive, instantly-responding Dyna- 
log Electronic Recorder solves a tricky problem of 
long standing. This combination has proven far 
more accurate—and convenient—in the continu- 
ous measurement of roll surface temperature than 
previous devices. 

The Foxboro measuring element is very rugged, 
yet it bears so lightly (only 0.75 gm per sq. cm. ) 
that it avoids any tendency to mark or score the 
roll. Errors due to friction, radiation, and convec- 
tion, so common to conventional roll surface tem- 


OXBOR 


REG. U. S, PAT. OFF. 


perature bulbs, are completely avoided. Errors 
and inconveniences arising from use of hand-held 
surface pyrometers are eliminated. Recorder may 
be located up to 1000 feet away, connected with 
electric cable. 

Using either a Dynalog Recorder or Controller, 
this is the system to install wherever closer, con- 
tinuous measurement or control of roll surface 
temperatures means a saving in steam, a reduction 
in waste, a more uniform product. Get complete 
details—Bulletin 405. The Foxboro Company, 
78 Neponset Avenue, Foxboro, Mass., U.S. A. 


RECORDING - CONTROLLING - INDICATING 


INSTRUMENTS 


Vol. 32, No.1 January 1949. 


Wis 


TAPPI 


AGE Pe 


= a ~ 
= QA AG =: _ 
== \ SS = 
= AA >..,®. GCC = y 
RWW WGC MQ... GHEE f 
= aN Hy 
= \\\ LN \ — 4 My 
2\\ SS NS SS We = | 
= WW \ Sy a = \ . \\ pcs Nai} y 
= . : \) ee RY MX SSS Zi 
= =A Nil ae oN \ NRO OA » y i= 
| N Ly je \\ = 
\ UH Cx = L. 
)) F "y 4 yy 
\U]} a y # Gj 
\ \ | > ps — 
\ \ ns | Zz = 
\ aoe \ 5 Vim 
i : iii iii iu iii == / Ge 
BSS 
\ ‘i sss y/ Np 
\ ae SN SS N&t&{ GSEs : Mp, 


\ 
/ 


/ 


mi 


Here Began America’s 


In 1898, G. A. Shryock, using a pulping process 
Geve..ved by William Magaw, began making 
wrapping paper from straw in his mill at 
Chambersburg, Pa. Soon he found that when 
the paper broke and several wet layers of 
pulp became wound around the cylinder they 
formed what he described as a “solid and 
beautiful binder’s board.” “Many predicted,” 
he wrote years later, “that these boards would 


The dramatic story of paper is told in the sound-and-coior film, "Paper — Pacemaker 
of Progress,” and in a book under the same title. Both are presented by F. C. Huyck 
& Sons as a tribute to the Paper Industry. The book will be sent free upon request 


F.C. HUYCK & SONS *Xézwocd MiG > ALBANY, NEW YORK 
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Paper-Board Industry 


become one of the indispensable products of 
the world; others said they were not worth 
as much as the stones in the street.” 

How right were the former, how wrong 
the latter, history has long since proved. The 
boards made in this mill were not only the 
first successfully made from straw, but they 
marked the beginning of the vast and essential 
American paper-board industry of today. 
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Aramis, Athos and Porthos of Dumas fame 
could out-fence the best of them. They, 
along with D’Artagnan, were the most 
famous team in all fiction. 

Today their counterpart really “lives” in 
industry — Miami Jordan, Bulldog filling 


BULLDOG FILLING for 
all ages, makes, models X-66 PLUGS 


and sizes of Jordans. 


Next time make yours Miami, Bulldog and X-66, the “Three Musketeers” of papermaking. 


to fit all needs. 


and X-66 Plug—the “‘Three Musketeers” of 
papermaking—another famous team. 

Evidence of the fact is the recent in- 
stallation of six Miami No. 5’s at Michigan 
Carton and the Bulldog and X-66 Plugs 
that make them “tick.” 


MIAMI JORDANS 
in 10 different models 


SHARTLE BROS. MACHINE CO., Middletown, Ohio 
DILTS MACHINE WORKS, Fulton, New York 


DIVISIONS OF THE BLACK-CLAWSON COMPANY, HAMILTON, OHIO 


Western Sales Office: R. T Petrie, Mayer Bldg., Portland, Ore. 


Associate: Alexander Fleck Limited, Ottawa, Canada 
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The Bettmann Archive 


In its early beginnings, nearly a half-century ago, Niagara Alkali 

set itself two big tasks to lick... to pioneer in developing several important new electro-chemical 
products ... and to perfect new methods and techniques for keeping Niagara products 

and service at the highest peak of quality and efficiency. 


Rely on Niagara for high standards of quality and experienced technical assistance 
in the use of Niagara Caustic Soda, Caustic Potash, Carbonate of Potash, EBG Liquid Chlorine, 
Paradichlorobenzene and Niagathal (Tetrachloro Phthalic Anhydride). 


NIAGARA ALKALi COMPANY 


60 East 42nd Street, New York 17, N. Y. 
£ CAUSTIC POTASH CARBONATE OF POTASH * PARADICHLOROBENZENE + CAUSTIC SODA+ NIAGATHAL (TETRACHLORO PHTHALIC ANHYDRIDE) 
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CERTAINLY ENOUGH 
TO QUICKLY PAY THE 
ENTIRE COST OF A 
Ross Felt Drying System on 


St. Mary’s Kraft Machine— 
St. Mary’s, Ga. 


Among Other Recent Installa- 
tions Are: 


Alabama Pulp & Paper Corp. 
Armstrong Cork Co. 
Container Corp. of America 


Gould Paper Co. Vapor and moisture soaked felts cannot fail to seriously retard 
Div. Continental Can Co. F : f Bele Dai S E . | 
enmernill Paper Col drying. Installations of Ross Felt Drying Systems have consistently 
Hudson Pulp & Paper Corp. increased production by from 5% to 10%. Not only are the felts 
ere pies Co. kept in condition to take up additional moisture with each pass over 

acon Kraft Co. : F ; ’ 
Michigan Carton Co. the paper but the warm blanket of air around the sides of the nest of 


Oxford Paper Co. 
Pacific Paper Board Co. ; : ; ; 
ReceiGsricee line retarded drying. Of equal importance from a standpoint of savings, 
Scott Paper Co. is the greatly prolonged life of the felt—sometimes doubled—from 


Sonoco Products Co. operation of this system. 
Southland Paper Mills 


St. Regis Paper Co. i : : 
Teese Corp. You don’t spend for a Ross Felt Drying System. You invest in one. 


Union Bag & Paper Corp. Every modern mill should have one, 
W. Va. Pulp & Paper Co. 


dryers provides a barrier against cool room air—another cause of 


MANUFACTURERS OF AIR PROCESSING SYSTENS 


201 N. Wells Street, CHICAGO-6 © 79 Milk Street, BOSTON-9 © 
ROSS ENGINEERING OF CANADA, LIMITED, MONTREAL 19, CANADA e 


600 St. Paul Avenue, LOS ANGELES-14 
CARRIER-ROSS ENGINEERING COMPANY, LIMITED, LONDON, ENGLAND 


9225 Grand River Avenue, DETROIT-4 
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Another good reason why 
Appleton Wires 


are Good Wires 


Appleton Research Laboratories 
have just one job... to discover 
more and more new ways of 
building longer life and better 


performance into Appleton 


Wires. 
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TAPPI -- January 1949 Vol. 32, No. 1 ISA 


As the log travels through 
the Astrom Chain-Barker, rotating 
chains under tension follow the log 
contour, and completely strip the 
bark. Feed rolls prevent the log 
from rotating. 


AMERICAN ~A%eaw 


The Astrom Chain-Barker, originally developed in Sweden has 
now been redesigned to fit American requirements. Its operating 
advantages are: 


SPECIFICATIONS 


Size of log—Handles logs 
from 4” to 15” of any length. 


Most economical with lengths r) Complete removal of bark 
10’ and up. 


Capacity—6 to 15 cords per ® No wood waste 


hr. depending on log condi- ® Low maintenance 
tion, 


Power consumption—As low ® Low power consumption 

as 4 kwh per cord. @ High capacity 
Maintenance — Chain cost 3 
usually runs less than one @ One-man pushbutton operation 


! cent per cord, Other main- @ Portability 
tenance costs negligible. 


Weight — Approximately 11 The present Astrom Chain-Barker is especially suitable for pulp 
tons. Can be transported as 


2 Ms hadi cdiccceably wood operations, and can be transported from location to location 
as a unit. 


Sold exclusively in The United States and Canada by 


AMERICAN DEFIBRATOR, INC. wes: 
v e NEW YORK 17,N. Y. 
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Cooperative Engineering Helps Boost Production 


Manhattan has always afforded cooperative 
engineering service, working with paper mill 
engineers to reach all-time production records. 
Rubber-Covered Rolls play a vital part in the 
close control of quality needed for faster, mod- 
ern machines. ; 


Most papermakers have special requirements 
of density and crown, developed from long 
experience with the particular stock being run 
on their fourdrinier or cylinder machines. 
Manhattan engineers interpret these require- 
ments into the manufacturing and covering of 


their rolls. Continuous tests and inspections 
by Manhattan craftsmen with up to 40 years 
of experience insure delivered rolls of uniform 
reading, perfect bond to metal and maximum 
elasticity for long life. 


Longer wire and felt life, less down-time for 
roll recovering, and lower spoilage in produc- 
tion are real money-saving reasons for you to 
call the Manhattan Man to review your paper 


making problems... 


(Keep Ahead with Manhattan ) 


ROLL-COVERING PLANTS AT PASSAIC N. J.... NEENAH, WIS.... NORTH CHARLESTON, S. C. 


RAYBESTOS 


MANHATTAN 


‘ 


a : 
MANHATTAN RUBBER DIVISION 
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OMATOES 


Coating Machines 
Crepeing Machines 
Embossing Machines 
Floor Cov. Machines 
Guemmiag Machives 
Lemiacting Machines 
Printing Machines 
Rebber Mill Machines 


Wall Paper Machines 
Waxiag Machines 
Wladers and Slitters 
Special Design Machines_ 


Next to the raw material 
itself one of the most im- 
portant factors in produc- 
ing paper products is the 
WALDRON Converting 
Equipment used to fashion 
them. It is through the 
modern WALDRON Ma- 
chines for coating, print- 
ing, embossing, laminating 
gumming, waxing, crepe- 
ing and treating that sheets 
of raw paper stock are 
transformed into products 
of beauty and utility. 
Working in close coopera- 
tion with paper makers and 


“WALDRON 
MACHINES 


converters, WALDRON en- 
gineers are constantly ex- 
panding the range of proc- 
essing possibilities with the 
result that new ingenious 
paper products are con- 
tinually being developed. 
Why not investigate the 
possibility of improving the 
appearance or quality of 
your present product; of 
developing a new product? 


‘Our Research and Develop- 


ment Staff with Test Lab- 
oratory facilities can give 
you valuable assistance. 
Consult us, in confidence, 
of course. 


yous WALDRON corp. 


Vain Gffice + Worhs - NEW BRUNSWICK, NEW JERSEY 


CHICAGO-6 
201 N. WELLS ST. 


BU OE RS: OF “QUALITY 


NEW YORK - 17 
350 MADISON AVE. 


MACHINES SINCE 
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An order for a Langston Slitter 
and Roll Winder thrown our way, 
will bring you rich returns in long, 
scuble-tree operation 

and highest quality rolls. 

Samuel M. Langston Company, 


Camden, New Jersey. 


Langston 


SLITTERS AND ROLL WINDERS 


Products for the paper indust 


he 
= VANESTA 
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R. T. VANDERBILT Co. 


230 Park Avenue, New York 17, N. Y. 
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For several years a considerable part of our mem- 
bership has felt that the Technical Association should 
have its own official publication. During this period 
much study has been given to the possibility, by the 
Executive Committees, by specially appointed com- 
mittees, and by your Secretary. At the Executive 
Committee meeting, February, 1948, the decision was 
made that we should start our own journal in January, 
1949. With this issue the wish of many of our mem- 
bers has been fulfilled. 

Several good reasons for this publication can be 
advanced. Only one can justify it. The quality of 
the literature on the many phases of pulp and paper 
technology can be improved and it shall be the main 
objective of Tappi to accomplish this. Tapp: will be 
a balanced presentation of the science of our industry. 
It will attempt to appeal to our membership as a 
whole but always deal with facts. Quality is our 
watchword. 

To accomplish this there are many obligations to 
be met. Members of the Association have asked for 
their own magazine; they must support it with the 
reports of their investigations, where company policy 
permits. Without such support the high ideals we 
have set are not attainable. Committees have an 
obligation. They represent the true cross section of 
Association interests. It is a responsibility they must 
accept to see that the interests of their groups are well 
reported in Tappi. On the shoulders of the Executive 
Committee must rest the responsibility of providing 
adequate editorial and business management. 


The PRESIDENT’S PAGE 


It would be too much to expect that this, our first 
issue, meets all your desires. This is a new field for 
the Technical Association. We have much to learn in 
providing you with what you wish. So we ask your 
forbearance in our mistakes as we ask for your criti- 
cisms in correcting them. 

As you look through these pages one of the reasons 
this publication is possible will be obvious. Over the 
past years the Association has been supported by its 
sustaining members in a whole-hearted and friendly 


“manner. We are appreciative of this loyal support 


and have tried our best to justify it. In this new 
venture they have again shown their confidence in us. 
To our friendly advertisers we are truly thankful. 

Another reason this publication has become a reality 
is not so obvious. Only a very few, who may be 
familiar with publication problems, can have a real 
appreciation of the multitude of details that must be 
handled in a project of this kind. To have accom- 
plished so much in a period of so few months reflects 
long hours of concentrated effort in addition to the 
normal duties of our staff. Throughout these months 
our secretary, Ronald G. Macdonald, has served us 
with leadership, patience, Judgment, and energy. 
Those of us who have been associated with him in a 
small way during the studies that have been necessary, 
know well that without such leadership our venture 
might not yet be ready to launch. It is my privilege, 
on your behalf, to recognize this leadership. 

In Tappi another milestone has been passed. It 
will increase our range of services to our members. It 
will assist us “in our search for and dissemination of 
knowledge relating to the paper industry.” Our goal 
becomes a little closer, our ambitions are nearer reali- 
zation. With our members’ continued cooperation 
this step may well be the most important we have 
ever taken. 


W. F. GULuesrPie 
President of TAPPI 
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EDITORIAL 


A New Magazine Ventures Forth 


The present issue of Tappi adds another publication 
to the pulp and papermaking literature. It differs 
from the many that have become well known in that 
it is a professional journal rather than a trade paper. 
The industry is well supplied with the latter which, 
in addition to serving their primary function of pub- 
lishing current news, have also attempted to serve the 
professional field as well. 

Since 1921 the Technical Association has published 
most of its meeting papers and contributed articles in 
one of these trade papers, the Paper Trade Journal. 
Many of its papers have also appeared in the other 
magazines serving the industry. For several years a 
number of members have urged the Association to 
publish its papers in its own technical journal. It was 
felt that the Association had acquired sufficient size 
and strength to conform to the practices of such other 
professional organizations as the A.S.M.E., A.C3S., 
A.I.Ch.E., A.S.C.E., and other well-known engineer- 
ing societies. 

It was further felt that such a magazine devoted 
entirely to the manufacturing problems of mill-operat- 
ing executives, engineers, superintendents, chemists, 
and other technical men could do much to advance the 
industry along the technical lines that are vital to its 
existence and progress. 

The problems involved in creating a new magazine 
of this type were by no means minor ones. In times 
of rising prices the problem of financing is one of 
considerable magnitude. The advertisers in this issue 
and those to appear in subsequent issues have helped 
greatly. With most printing plants overcrowded with 
magazines the Association may consider itself for- 
tunate in obtaining the services of the Mack Printing 
Company, one of the leading printers of technical 
magazines. 

Every effort has been made to provide a good-ap- 
pearing publication. This was not as easy as it might 
seem and much still needs to be done to attain the 
desired objective. However, the heart of this pub- 
lication is its technical papers and they are of a high 
quality and worthy of permanent record. 

The future standing of Tappi depends mostly on 
the initiative and willingness of each individual mem- 
ber to share his knowledge with his fellow members, 
not only at Association meetings but throughout the 


year. A good job has been done to date and un-. 


doubtedly will be done in the future. In fact, past 
experience would indicate that this issue and those 
to follow this year will attain the stature of collector’s 
items in a few years. Many volumes of Technical 
Association Papers are in this category. We would 
advise all recipients of these issues to retain them. 
They will have a ready market for years to come for 
those who may wish later to dispose of them. 
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COMMENT 


Volume 32 


Some may express surprise to note that this new 
magazine is Volume 32, No. 1. This does not mean 
that the Editor feels as if he had worked on thirty-two 
volumes instead of one. Volume 32 would be the 
designation of the next issue of Technical Association 
Papers, the time-honored name given to the volumes 
of transactions issued by the Association. Precedent 
for this was recently established by the American 
Institute of Chemical Engineers when it changed its 
publishing practice by creating a new monthly maga- 
zine—Chemical Engineering Progress—to succeed its 
annual Transactions, previously published as a quar- 
terly. 

It is felt that this designation for Tappi will mini- 
mize some confusion that might otherwise exist in the 
bibliography and magazine indexing field. In this 
connection it may be added, that the contents of Tappi 
will be indexed in both the Engineering Index and the 
Industrial Arts Index which are the principal interna- 
tional clearing houses for technical information. 


Benjamin Franklin Discusses Papermaking 


If the Technical Association had existed in the Post- 
Revolutionary Period a speaker at one of its meetings 
would probably have been the great early American 
statesman, Benjamin Franklin. At the meeting of the 
American Philosophical Society held at Philadelphia 
on June 20, 1788, he read a paper. entitled “Description 
of the Process to Be Observed in Making Large Sheets 
of Paper in the Chinese Manner, with One Smooth 
Surface.” 

It was published in the Transactions of the Society 
(Vol. 3, pp. 8-10) and read as follows: 

“In Europe to have a large surface of paper con- 
nected together and smooth on one side, the following 
operations are performed: 


1. A number of small sheets are to be made separately. 
2. These are to be couched, one by one, between blankets. 


3. When a heap is formed it must be put under a strong 
press to force out the water. 


4. Then the blankets are to be taken away one by one 
and the sheets hung up to dry. 


5. When dry they are to be again pressed, or if to be 
sized, they must be dipped into size made of warm 
water, im which glue and alum are dissolved. 


6. They must then be pressed again to force out the 
superfluous size. 


le They must then be hung up a second time to dry, which 
if the air happens to be damp, requires some days. 


8. They must be taken down, laid together, and again 
pressed. 


9. They must be pasted together at their edges. 
10. The whole must be glazed by labour, with a flint. 


(continued on page 22 A) 
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EDITORIAL COMMENT 


ee eee 
(continued from page 20 A) 


“In China if they would make sheets, suppose of 
four and a half ells long and one and a half ells wide, 
they have two large vats, each five ells long and two 
ells wide, made of brick, lined with a plaster that holds 
water. In these the stuff is mixed ready to work. 

“Between these vats is built a kiln or stove, with 
two inclining sides; each side something larger than 
the sheet of paper; they are covered with a fine stucco 
that takes a polish, and are so continued as to be well 
heated by a small fire circulating in the walls. 

“The mould is made with thin but deep sides, that 
it may be both light and stiff. It is suspended at each 
end with cords that pass over pulleys fastened to the 
ceiling, their ends connected with a counterpoise 
nearly equal the weight of the mould. 

“Two men, one at each end of the mould, lifting it 
out of the water by the help of the counterpoise, turn 
it and apply it, with the stuff for the sheet, to the 
smooth surface of the stove, against which they press 
it, to force out a great part of the water through the 
wires. The heat of the wall soon evaporates the rest, 
and a boy takes off the dried sheet by rolling it up. 
The side next to the stove receives the even polish of 
the stucco, and is thereby better fitted to receive the 
impression of fine prints. If a degree of sizing is 
required, a decoction of rice is mixed with the stuff in 
the vat. 

“Thus the great sheet is obtained, smooth and sized, 
and a number of the European operations saved. 

“As the stove had two polished sides, and there are 
two vats, the same operation is at the same time per- 
formed by two other men at the other vat, and one 
fire serves.” 


The TAPPI Bulletin 


The year just ended brought an end to an Associ- 
ation landmark—The TAPPI Bulletin. This four- 
page periodical served a useful purpose and its con- 
tents brought hundreds of comments and inquiries 
from readers. In fact, many nonmembers subscribed 
to it for reasons best known to themselves. It was 
started in 1942, following the fall meeting held in 
Boston, as the result of a plea presented by a member 
at that wartime meeting, for an Association medium 
that would serve to unify the technical war effort of 
the industry by publicizing the needs of the Armed 
Services with respect to paper products. 

Following the War it continued as an interpreter 
of significant technical advances and as a sounding 
board or house organ to keep its readers informed 
concerning Association activities. It was written in 
popular style to interest everyone and seemed to ac- 
complish this purpose. Sometimes its feature articles 
hit the jackpot and hundreds of extra copies were re- 
quested by individuals and companies. 

From November, 1942, until the end of 1948 about 
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360,000 words were printed. Aside from the feature 
articles, there were a few special departments that 
were repeated throughout its life: Activities of the 
Technical Association, Paper and Packaging Speci- 
fications of the Government Agencies, New Products 
Clearing House, Packaging Literature Abstracts, and 
Miscellaneous Items. The development of packag- 
ing materials was one of the industry’s greatest con- 
tributions to the war effort. Napoleon said that an 
army travels on its stomach. In the recent war this 
could not have been accomplished so successfully with- 
out good packaging materials and methods. So suc- 
cessful was the packaging job that when the war was 
over even the fleet was enclosed in capsules and 
stored away for future use. Let us say that the 
Bulletin is stowed away in WVP laminates and per- 
haps it may have to be restored to service from time 
to time to meet special needs. 


Our Advertisers and Sustaining Members 


Throughout the pages of this magazine are ad- 
vertisements of the companies that serve the needs of 
our pulp and paper mills. Most of the advertisers 
are also sustaining members of the Technical Associ- 
ation. 

They advertise to sell their products. However, in 
soliciting these companies to purchase advertising 
space we quickly became cognizant of an underlying 
sentiment in the response. It was one of good will. 
An executive of one of these companies expressed it 
about as follows: “We understand that TAPPI is 
going to publish its own magazine. If so we.want you 
to know that we are right behind you, not only with 
well wishes but with a contract for advertising space 
if you plan to make it available.” 

The Technical Association is proud of the com- 
panies that are associated with it as sustaining mem- 
bers and advertisers. The fall meetings of the Associ- 
ation during the past few years have been featured 
by organized visits by our members to their plants 
to see how the products used in the mills are made. 

The job of selling advertising space in these current 
issues should have been difficult and expensive. We 
had no magazine to show and, in effect, called on 
our allied industries to have faith in the merits of 
this unborn publication. Over the years these com- 
panies and TAPPI have become good friends, rich 
in mutual respect. They know that the Association 
is deeply serious in its endeavors. They know that 
the Association is a hard taskmaster in its demands 
for quality and good workmanship. They know that 
the Association is organized for the search and dis- 
semination of knowledge about everything that will 
improve the paper and pulpmaking processes, raise 
quality,,and lower costs. Their aim is to assist in 
this objective. Their advertisements reflect this atti- 
tude. Their advertisements are part of the technical 
literature and will help the readers of Tappi to keep 
up to date with the technical progress, quite as much 
as the more detailed technical reports that constitute 
the great service of this magazine to the industry. 
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0 TO 10 Ps! 


30 TO 10,000 PS! 


0 TO 30 PSI 
( ABSOLUTE) 
14 TO 4,000 PS! 
10 TO 17 PS! 
5 TO 30 PSI 
FURNACE PRESSURE 
DRAFT 
These measuring elements are the heart of rosive! They make Brown Pressure and Level 
Brown level control systems for the Paper Gauges the finest available to the Paper I ndustry! 


Industry ... because precision control starts : 
You'll find detailed information in Catalog 


7000 ...send for it today! 


with precise measurement! 


Complete coverage of level problems necessi- 
MitNNEAPOLIS-HONEYWELL REGULATOR CO. 


BROWN INSTRUMENTS DIVISION 


4543 Wayne Ave., Philadelphia 44, Pa. 
inches to feet... from corrosive to non-cor- Offices te principal cities toh thos Usiaes Sate st Candday aad ihtoeghoumnee ward 


tates this complete line of elements. There’s a 


specific one for each application... from 


a 
FOR THE PAPER INDUSTRY 


Honeywell 
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TAPPI Annual Meeting Papers 


“SESE eee 


The following papers and reports are tentatively 
scheduled for presentation at the annual meeting of 
the Technical Association of the Pulp and Paper In- 
industry to be held at the Commodore Hotel, New 
York City, on February 21-24, 1949. 


OPENING SESSION 


1. Secretary’s Report, by R. G. Macdonald 

2. President’s Address, by W. F. Gillespie 

3. TAPPI Medal Award to Hardy 8. Ferguson 

4. “Our Growing Water Problem,” by Edward N. 
Munns, Chief, Division of Forest Influences, 


U.S. Dept. of Agriculture, Washington, D. C. 


CoMMITTEE MEETINGS 


Monday afternoon, February 21st, will be reserved 
principally for meetings of all the Association’s 
committees to discuss current projects and plan 
future work. 


STRUCTURAL Fiprous MATERIALS 


1. “An Engineering Approach to the Mechanical 
Testing of Fiber Boards,” by Wayne C. Lewis, 
Forest Products Laboratory, Madison, Wis. 
“Evaluation of Fibrous Agricultural Residues 
for Structural Building Board Products. Part 
3. Additional Studies of Wheat Straw 
Fiber,” by E. C. Lathrop and T. R. Naffziger, 
Northern Regional Research Laboratory, 
Peoria, Ill. 
3. “A Quality Control Method for Insulating 
Board Pulp,” by Henry Mobhrer, C. 8. Con- 
over, and O. W. Frost, U. S. Gypsum Com- 
pany, Chicago, Ill. 
“Sizing of Insulating Board,” by Hercules 
Powder Company, Wilmington, Del. 
5. Panel Discussion on Coatings for Insulating 
Board, led by J. A. Killinger, Penick & Ford 
Ltd., Cedar Rapids, Iowa, and F. W. Egan, 
Bound Brook, N. J. 

6. “Williams Freeness Test Studies on Insulating 
Board Stock,” by C. E. Hrubesky, Forest 
Products Laboratory 


to 


ha 


STATISTICS 


1. “Testing and the Statistician,” by J. B. Catlin, 
Kimberly-Clark Corporation, Neenah, Wis. 

2. “Statistical Control of Paper Quality—Basis 
Weight and Moisture Content,” by Charles 
M. Koon, Munising Paper Company, Munis- 
ing, Mich. 

3. “Treatment and Mistreatment of Experimental 
Data,” by T. K. Sherwood and H. S. Mickley, 
Mass. Inst. of Technology, Cambridge, Mass. 
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4. “The Detection and Control of Tester Error,” 
by J. H. Strieby, Kimberly-Clark Corpora- 
tion, Neenah, Wis. 


PuLPING AND RELATED PROCESSES 


1. “Lime-Sludge Recovery in Sulphate Mills,” by 
W. H. Tock, Engineer, Pyro-Processing Sec- 
tion, Allis-Chalmers Mfg. Company, Milwau- 
kee, Wis. 

2. “Research Laboratory Facilities for Pulping 
Studies,” by William J. Nolan, Engineering 
and Industrial Experiment Station, University 
of Florida, Gainesville, Fla. 

3. “Effect of Buffering Agents in Sodium Sulphite 
Semichemical Pulping,” by J. N. McGovern 
and E. L. Kelly, Forest Products Laboratory 

4. “Steam and Water Cooking of Aspen Chips,” 
by J. N. McGovern and K. J. Brown, Forest 
Products Laboratory 

5. “Pulping of Redwood,” by Harry F. Lewis, and 
L. V. Forman, Inst. of Paper Chemistry, Ap- 
pleton, Wis. 

6. “Spray Drying Coefficients of Sulphite Waste 
Liquor,” by L. C. Jenness, University of 
Maine, Orono, Me. 

7. “Commercial Lignins,”’ by Arthur Pollak, New 
York, N. Y., and Robert 8. Aries, Brooklyn 
Polytechnic Inst., Brooklyn, N. Y. 

8. ‘A New Mechano-Chemical Process for Pulping 
Agricultural Residues,” by S. I. Aronovsky, 
Northern Regional Research Laboratory, 
Peoria, Ill. 

9. “The Solubility of Sulphur Dioxide in Mag- 
nesium Bisulphite Solutions,” by F. H. Conrad, 
Missouri School of Mines, Rolla, Mo. 

10. “The Effect of Sodium Peroxide Bleaching on 
the Components of Spruce Groundwood,” by 
Gary W. Jones, Consolidated Water Power & 
Paper Company, Stevens Point, Wis. 


Water TECHNOLOGY 


Biochemical Oxygen Demand Session 


1. Paper, by Harry 8. Gehm, National Council for 
Stream Improvement, New York, N. Y. 

2. “Stream Pollution from Virginia Pulp Mills,” 
by A. H. Paessler, Virginia State Water Con- 
trol Board and L. L. Hedgepeth, Caleo Div., 
American Cyanamid Company, Bound Brook, 
Ne 

3. Paper, by D. Paul Rogers, Pennsylvania De- 
partment of Health, Harrisburg, Pa. 

4. Paper, by F. W. Kittrell, Tennessee Valley Au- 
thority, Knoxville, Tenn. 


(continued on page 26 A) 
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Cutaway view of Puseyjones 
Improved Steam Joint 


syjones Improved Steam Joint in- 
ed on Dry Part having enclosed 
> gearings. Can also be used on 
Part with open type gearing by 
ching bracket to special outside 
> structure. 


Now More than 2,000 
Successful Installations 


“So low in power consumption . . . so economical in maintenance . . . 
so easy to replace worn parts without shutdown . . . so trouble-free in 
operation...” These are just a few of the mill reports on the Puseyjones 
Improved Steam Joint. There are more than 2,000 now in use. 


In the “Steam Joint Bulletin,” we give full details on this remarkable 
new development, describing its application in connection with mod- 
ern siphon type evacuators. Write for your copy today. 


THE PUSEY AND JONES CORPORATION 


porting bracket for PuseyjonesIm- Established 1848. Builders of Paper-Making Machinery 


ed Steam Joint with vertical steam 


water piping attached. See water Wilmington 99, Delaware, U.S.A. 


age within the bracket. 


Annual Meeting Papers 


(continued from page 24 A) 


5. “Aeration of Rivers,” by L. Warrick, State Sani- 
tary Engineering, Madison, Wis. 

6. Paper, by George Borden, Riegel Paper Corpo- 
ration, Milford, N. J. 


Water Coagulation Session 


1. “Cooling Water,” by V. J. Calise, Liquid Con- 
ditioning Corporation, Linden, N. J. 

2. “The Savalla Saveall,” by B. Nyberger, Castle 
& Overton Company, New York, N. Y. 

3. Paper, by Paul Easton, Bulkley, Dunton Com- 
pany, New: York, N. Y. 

4. Paper, by A. C. Brumley, Alhydro, Inc., Balti- 
more, Md. 

5. Paper, by R. F. Clemons, The Dorr Company, 
New York, N. Y. 

6. Paper, by Ranney Water Collector Corporation, 
New York, N. Y. 

7. “Settling Waste Materials from Pulp and Paper 
Mill Waste Waters and Handling Bulk Solids 
Over Experimental Vacuum Filters of the 
Komline and Dorr Types,” by A. 8S. Erspamer, 
P. H. Glatfelter Company, Spring Grove, Pa. 


PLASTICS 


1. “New Type Phenolic Resins for Paper-Base 
Laminates,” by M. P. Seidel, Westinghouse 
Research Laboratories, Pittsburgh, Pa. 

2. Other papers to be announced 


GraPHic ARTS 


1. “Paper,” by E. F. Carman, Montclair, N. J. 

2. ‘Measuring Ink Coverage for Four-Color Webb 
Printing,” by Edward R. Duffie, Meredith 
Printing Company, Philadelphia, Pa. 

3. “Four-Color Webb Offset Printing,” by Milton 
Zucker, Interchemical Corporation, New York, 
IND Ys. 


WertT-STRENGTH 


1. “A Review of Wet Strength Paper,” by Borje 
Steenberg, Swedish Forest Products Labora- 
tory, Stockholm, Sweden. 

2. “Bonding Materials to Cellulose,’ by Herman 
Mark, Polytechnic Institute of Brooklyn 

3. “Review of Concepts of Bonding of Fibers and 
Additives,” by Wilfred Gallay, E. B. Eddy 
Company, Hull, P. Q. 


MicrosBioLocicaL Controu MrtHops 


1. “Equipment for Feeding Slime Control Toxi- 
cants Into Paper and Pulp Mill Systems,” by 
Charles W. Dean, Buckman Laboratories, 
Memphis, Tenn. 
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29 “A Resistant Species of Penicillium from 
Groundwood Pulp,” by J. W. Appling, Buck- 
man Laboratories 

3 “Bstablishing a Nontoxic Germicide,” by C. leh 
Rogers, R. T. Vanderbilt Company, East 
Norwalk, Conn. 

4. “Bioassay of Slime Control Agents,” by B. F. 

Shema, Inst. Paper Chemistry 
“Lethal Effect of Drier Rolls on Bacteria,” by 
B. F. Shema 


On 


CONTAINERS 
Symposium on Adhesives 
1. “Studies in Water Resistant Pastes,’’ by Ed- 
ward H. Hill, Corn Products Refining Com- 
pany, New York, N. Y. 
2. Other papers to be announced 


ParerR MAKING AND STUFF PREPARATION 


1. “Engine Sizing as a Substitute for Beating,” by 
W. S. Wilson, Monsanto Chemical Company, 
Everett, Mass. 

2. “Curlated Pulp—A New Approach to Pulp 
Processing,” by H. 8. Hill, J. Edwards, and 
L. R. Beath, Price Brothers & Company, Ltd., 
Quebec, P. Q. 

3. “The Curlator—Its Application to High Yield 
Newsprint Sulphite—Preliminary Report by 
Frank P. Silver,’ Price Brothers & Company, 
Ltd., Riverbend, P. Q. 

4. “The Two-Sidedness of Colored Paper,” by H. 
A. Lips, Dyestuff Div:, EH: 1. du’ Pontrde 
Nemours, Wilmington, Del. 

“The Kenwood Wheel as an Operating Tool,” 
by Irving H. Peters, F. C. Huyck & Sons, 
Albany, N. Y. 

6. “The Mechanism of Softening Paper by Glycer- 
ine,” by Wm. McPherson, Jr. International 
Paper Company, Glens Falls, N. Y. 

7. “The Alkaline Hypochlorite Oxidation of Guar 
Mannogalactan,’ by Arthur J. Haug, Scott 
Paper Company, Chester, Pa. 

8. “The Correlation Between Hemicelluloses and 
the Physical Properties of Bleached Kraft 
Pulps,” by_Francis T. Ratliffe, Johns-Man- 
ville, Inc., Manville, N. J. 

9. “Increasing the Use of Deciduous Wood Fibers 
in Offset Papers by Resin Bonding,” by C. G. 
Weber, National Bureau of Standards, Wash- 
ington, D. C. 


or 


Minti InstRuMENT ContTROL 


1. “Principles Governing the Choice Between Elec- 
tric and Nonelectric Instruments,” by David 
H. Fuller, The Foxboro Company, Foxboro, 
Mass. 


ANNUAL LUNCHEON 


Address by D. Clark Everest, President, Marathon 
Corporation, Rothschild, Wis. 
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Here’s the Pitch 


Many paper makers are plagued with 
pitch trouble. Even a small accumula- 
tion of pitch on the Fourdrinier wire 
may force a shutdown for cleaning. 
Valuable time is lost. Maintenance costs 
go up. Profit goes down. 


Johns-Manville 


eat Py 
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‘=that pays for itself 


Many other paper makers control pitch 
trouble by adding Celite* to the beaters. 
About 1% based on the weight of the pulp 
does the job. The Celite disperses through 
the furnish, coats individual pitch particles 
so they cannot agglomerate and stick to 
Fourdrinier wires. 


Results: Machines stay cleaner, production 
stays higher, maintenance costs go down. 
Pitch particles coated with Celite become 
part of the sheet so that the cost of the Celite 
is largely recovered when the paper is sold. 


Celite is a product of Johns-Manville. 
For full details consult your local Johns- 
Manville office or write Johns-Manville, 
Box 290, New York 16, N. Y. 


*Celite is Johns-Manville’s registered trade mark for its diatoma- 
ceous silica products, 


JOHNS-MANVILLE 


the Paper Industry JM 


INCREASE FLAT BAG PRODUCTION 


SMITH & 
WINCHESTER 


Multi-wall FLAT BAG TUBER 


with Special Cross Pasting Units and Compensating Drive 


Smith & Winchester specializes in custom-made Tubers and Bottomers for increased pro- 
duction of single and multi-wall, pasted and sewed, valve type bags for flour, cement, 
fertilizer and many other products. 

The Flat Bag Tuber illustrated is equipped with the latest cross pasting units and new 
compensating drive for making 5-wall, pasted bottom bags. S & W Tubers and Bottomers 
are designed for maximum production and a minimum of spoilage. 


S & W makes Tubers, 
Bottomers, Undercut 
Trimmers, Spot Cutters, 
Automatic Control De- 
vices, Jordans, Fourdrin- 
iers, Shower Pipes, 
Pumps. 

Write for bulletins. 


South Windham, Connecticut 


Serving the Paper Industry Since 1828 
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Methocel: 
the Excellent 


Emulsion Stabilizer 


The growing list of synthetic latex and emulsion coating uses for paper 
and paper board is constantly increasing the demand for Methocel. 


As a water soluble thickener Methocel serves to regulate the body and 
leveling properties of these coatings. Methocel as a synthetic viscosity 
regulator insures uniform centrol and a high resistance to change by 
chemical or bacterial action. It is odorless, tasteless, physiologically inert 
and therefore suitable for use in food packaging applications. 

Methocel is also used extensively for the sizing and coating of paper and 
paper board to impart resistance to oils and waxes. 


Have you investigated the new Methocel, powdered? 


Write or phone us for further information about Methocel and its many 
uses in the paper industry. Send for free experimental sample of the new 


METHOCEL, powdered. 
THE DOW CHEMICAL COMPANY ¢- MIDLAND, MICHIGAN 


DID YOU GET YOU 


The Dow Chemical Company 
Dept. ME - 173 

Midland, Michigan 

Please send me free sample of the new Methocel, powdered. 


Name and fit.2 — _— 


Firm 


Address 
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"CONTROLLED STRUCTURE’ 


IS WHY I'M A LONG FIBRE 
—~ THE KIND THAT MAKES 
STRONG PAPER! 


Diagrammatic sketch — 


Senha ROLLED Stru CTURE 
ts a Patented Norton 
Development 


ing that produces 
long, uniform fibers. 


I. takes long, well-fibrillated fibers to make strong paper. And it takes 
a pulpstone with just the right grain spacing to make such fibers. That 
grdin spacing is not always the same either. It must be different for different 
types of wood, for different types of grinders. 


That’s why Norton “Controlled Structure” is 
important to producers of mechanical pulp. 
This patented Norton development makes it 
possible to accurately regulate the spacing 
of the grains in the stone — to provide just 
the right grain spacing to produce long, fibril- 
lated fibers from your kind of wood with your 
kind of grinders. 


Norton engineering service is available to 
study your requirements and prescribe Norton 
Pulpstones in just the right specifications —not 
only in structure but also in the kind of abra- 
sive, the grain size and the stone hardness. 


NORTON COMPANY, Worcester 6, Mass. 


Norton Company of Canada Ltd., Hamilton, Ontario 
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Is lack of accurate stock control caus- 
ing you serious losses through poor quality of 
finished product and resultant loss of sales? Are 

you looking ahead to the customers’ demands for a better, more uniform 
paper? And do you know how much underweight or overweight stock is 
costing you in wasted tonnage? You may be losing thousands of dollars 
annually through consistency variations far in excess of the standards you 
are trying to maintain. Check at the source and learn what it is costing you 
in real money losses each day through varying consistencies. Then investi- 
gate the advantages, and large savings you can effect by use of the 
BRAMMER RECORDING CONSISTENCY REGULATOR which accurately con- 
trols consistency within 1/10th of 1%. 


COMPLETELY AIR OPERATED 


fy 


RIAU TENSE AUS 


16-page catalog on re- 
quest. 


Patented and Patents ap- 
plied for in U. S. A. and 
Foreign Countries. 


PAPER and INDUSTRIAL APPLIANCES, une. 
122 EAST 42nd STREET | NEW YORK, N. Y. 


MANUFACTURED AND SOLD IN CANADA BY ALEXANDER FLECK LIMITED, OTTAWA, ONTARIO. 
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SUPERFINISHING EQUIPMENT 


Expedites Technical Control 
and Development in Coating 
and Superfinishing Papers 


Mill technicians and Appleton engineers have 
worked together to improve quality of finish 
on papers. New problems are constantly 
arising, especially from innovations in paper 
manufacturing. Recent trends toward wider 
sheets, heavier coatings and higher speeds 
and pressures present special problems for the 
technician and the supplier of equipment. 


With the cooperation of the mills Appleton 
has made improvements and inaugurated ad- 
vancements that meet the new requirements. 
They form, together with long experience, the 
background for the design and construction 
of the present complete line of Appleton 
Supercalenders, Filled Rolls and Auxiliary 
Equipment. 


Special attention has been given to main- 
tained quality at speeds that keep finishing 
capacity in line with high-speed paper ma- 
chine production. Here is precision equip- 
ment, for push-button control, with all of the 
latest mechanical and electrical advance- 
ments for efficient paper finishing. 


Developed especially for the technician are 
the Appleton Experimental Stack, duplicat- 
ing finishing room conditions and results on 
test runs, and the Laboratory models. Apple- 
ton welcomes the opportunity of working 
with you in obtaining the finest finishing 
results on your papers. 


COMPLETE APPLETON EXPERIMENTAL SUPERCALENDER 


FINISHING EQUIPMENT FOR 
ANY SUPERING APPLICATION 


The construction of Appleton Supercalender Rolls is now handled in our new roll 
. . . . . sho 
built in 1948. With the very latest in tools and testing equipment we are adequately 


prepared to supply promptly the increasing demand for Appleton quality, filled rolls. 


THE APPLETON MACHINE COMPANY - APPLETON =.- WISCONSIN 


Eastern Sales: CASTLE & OVERTON, Inc., 630 Fifth Avenue, New York ® Western Sales: PACIFIC COAST SUPPLY CO., San Francisco 
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--.-FOR MINIMUM MAINTENANCE 


RAPP I 


Board machine headbox 
made of 1” sheet Monel. 
Intericr surfaces are pol- 
ished ‘‘35’’ Monel to prevent 
fiber accumulation. Fabri- 
cated by Brown-Hutchin- 
son Iron Works, Detroit, 
Michigan, for the River 
Raisin Paper Co. of Mon- 
roe, Mich. 


NO TOEHOLD FOR FIBERS HERE... 


It's made of “35” MONEL 


EMBLEM , OF SERVICE 


Teape mace 


- January 1949 


The River Raisin Paper Company... 
like other leading paper mills...has 
found that it pays to use Monel*. 

The headbox pictured above could 
have been a source of trouble from 
fiber deposits and slinie...rust stains 
...losses in down-time...costly repair 
bills. But maintenance engineers of 
the River Raisin Paper Company 
have confidence in it because it is 
made _of solid, easy “wetting,” rust- 
proof Monel. 

Strong, corrosion-resistant Monel 
has shown to be more wettable than 
other materials used in this applica- 
tion. This, combined with the satin 
finish smoothness of “35” Monel, as- 
sures a free flow of fibers... protects 
against the formation of paper-ruin- 
ing slime. 

Monel has “made-to-order” prop- 
erties for paper mill applications. It 
is stronger than structural steel, high- 


THE 


INTERNATIONAL NICKEL COMPANY, 


ly abrasion resistant, and capable of 
taking a high polish. Welds in Monel 
are as corrosion resistant as the alloy 
itself. 

Typical plant-tested applications 
of Monel include stock lines, screens, 
save-alls, jordan bars, winding wire, 
tanks, roll cover, doctor blades, and 
many others. 

Why not investigate the product- 
protecting possibilities of Monel for 
your own mill? Send for your free 
copy of: “Monel, Nickel, and Inconel 
in Pulp and Paper Mills.” This illus- 
trated booklet will show you how 
other mills have solved corrosion 
and production problems with INco 
Nickel Alloys. 

Remember, too, that INCo’s Tech- 
nical Service Department is always 
ready to help with special problems 
concerning corrosion, metal selection 
and fabrication. *Reg, U.S. Pat. Off. 


INC. 


67 Wall Street, New York 5, N.Y. 


Vol. 32, No. 1 


ENGINEERED 
by LODDING 


Doctors are important. 
You on only afford the best — custom designed 
and built by Lodding Engineering Corporation, 
Worcester, Massachusetts. Represented outside 
New England by W. E. Greene Corporation, 
Woolworth Building, New York. 
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APP OULPIRE HUNG ie eer Oy 
Sprout-Waldron — is your assur- 
ance of higher tonnage per unit, 
together with lower power con- 
sumption. 


Rugged and precision-built, a 
Sprout-Waldron Refiner weighs 
over 15,000 Ib. Yet, required in- 
stallation space is only 10'314”x 
4’ 91,” XD Doe 


Micrometer adjustments and 
variously designed fillings give 
positive and accurate operational 
control at all times. 

Wherever wood pulp refining is 
a vital operation—from defiberiz- 
ing semi-chemical to hydrating 
fully cooked pulps — consider 
Sprout-Waldron Refiners. 


Other Sprout-Waldron machines in the Pulp and Paper Mill 


Industry are: 


(1) Double Agitated Mixers — designed especially for 
efficient and economical pulp blending. 


(2) Rotary Knife Cutters — engineered for the reduction 
of asphalted papers, cooked flax, bark, etc. 


(3) Attrition Mills —outstanding for defiberizing rags 
and intimate blending. 


Sprout, Waldron & Co., Dept. 36, Muncy, Pa. 
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Southern Pulpwood in Perpetuity? 


VERTRIES YOUNG 


The problem of an adequate pulpwood supply is common 
to every pulp manufacturer. An indication of the prob- 
lems and opportunities existing in the South are presented 
together with suggestions for the development of an ade- 
quate forestry program. 


In 1947 the Technical Association of the Pulp 
anid Paper Industry published its Monograph No. 4 
“Pulpwood Stands, Procurement, and‘ Utilization,” a 
very complete and interesting series of studies on the 
stands, procurement, and utilization of pulpwood in 
the entire United States. In the face of such monu- 
mental work it is difficult to set down any new thought 


on the pulpwood supply problem of even a limited + 


region, in this case the South. This article, therefore, 
will of necessity draw heavily on the material con- 
tained in that monograph, but will endeavor to set 
forth from the mill operator’s viewpoint certain pro- 
cedures that will have to be followed by wood-using 
industries if the South is to be assured of a perpetual 
supply of forest products in the face of the gradually 
increasing demand. 

Every mill executive is concerned with the probable 
adequacy of his future pulpwood supply. Whether his 
mill is an old one or a new one it represents in terms 
of cost replacement or cost of construction a far 
greater investment than a mill of the same size built 
10 years ago. If it runs out of wood it cannot be 
moved; if it is short of a full supply of wood, con- 
tinuing fixed charges will make partial operation well- 
nigh impossible in a competitive market. The 
protection of that investment is, therefore, a major 
responsibility of the mill executive and of the other 
officers and directors of the company as well. 

Fee ownership of timber lands properly stocked and 
managed is, on the surface, the surest guarantee of a 
permanent wood supply. Mr. Cruikshank in his ar- 
ticle in the TAPPI Monograph, “Southern Forests as 
a Source of Pulpwood,” advocated a program of forest 
land acquisition, but at the same time pointed out the 
dangers inherent in complete self-sufficiency. Too 
great concentrations of timber ownership in limited 
localities make a mill vulnerable to weather condi- 
tions, sufficiency of local woods labor, and tie-ups in 
transportation facilities. 

While most mills were built with some back-log of 
forest lands in fee ownership, there are probably few, 
if any, that own enough lands to be self-sufficient 
even after those lands have been brought into full 
production. If a mill is not already self-sufficient 
the cost of acquiring enough timber lands at present 
is well-nigh out of the question. In addition to the 
heavy investment required there is the further con- 
sideration of the annual carrying charges, principally 
for taxes and fire protection which in bad times may 


Vertries Younc, Executive Vice-President, Gaylord Container Corp., 
Bogalusa, La. 
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constitute a heavy burden. Finally, there is the ques- 
tion of whether, over an extended period, it is cheaper 
to own and grow timber than to buy it on the market. 

Hach mill must determine for itself what seems an 
adequate fee ownership of forest lands taking into 
consideration its cash resources for an investment of 
this type, the nature and extent of forest ownerships 
in its tributary territory, the competition for pulpwood 
and other forest products, and the total forest resources 
of that territory. It must also forecast its future 
pulpwood requirements and determine with more than 
rule-of-thumb accuracy the future potential growth 
on its lands. The latter evaluation alone, if projected 
over a 15- or 20-year period, will disclose the need 
for the best type of forest management to develop the 
full capacity of its lands. The importance of this can 
not be overstressed as these lands are already incurring 
taxes, and in most cases are protected against fire, all 
at considerable expense to the pulp mill. 

After the foregoing study is completed (and it will 
not be done in the course of a day) there still remains 
the question of how far to go in additional land acqui- 
sition. The purpose of this article is to attempt to 
point out that of equal importance with land aquasi- 
tion is an active program in conjunction with other 
mills and wood-using industries to aid in perpetuating 
the timber resources of its tributary territory. This 
program cannot succeed unless it has the continuous 
and active support and attention of top management. 


WOOD PRODUCTION 


A look at the statistics disclosed for the South as a 
whole by the United States Forest Service’s 1945 
“Reappraisal of Forest Resources,” will serve to bring 
out the problems and opportunities peculiar to that 
region. Four basic facts stand out very clearly: 

1. Commercial forest lands in the 12 Southern 
States comprising Region 8 of the Forest Service 
(North Carolina, South Carolina, Georgia, Florida, 
Alabama, Mississippi, Louisiana, East Texas, Okla- 
homa, Arkansas, Tennessee, and Virginia) total 183,- 
266,000 acres and represent 56% of the total land area 
of the region. A total of 122,060,000 acres of this com- 
mercial forest land in 1945 was in 1,649,456 small 
ownerships of 5000 acres or less. The average of such 
ownerships was approximately 75 acres. For the 
region as a whole there appears to be little likelihood 
that large ownerships will ever control the bulk of the 
region’s timber production providing the small owner- 
ship can be kept in active and sustained production. 

In 1947, pulp mill ownerships were estimated at 
6,000,000 acres, against an annual consumption at 
that time of about 8,000,000 cords of wood. While 
these lands are probably better stocked and certainly 
better managed than the average forest lands of the 
South, the annual growth of pine at the present time 
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Fig. 1. Vertical aerial photograph showing residual 
trees in 26-year-old loblolly pine plantation burned in 
1938. Fire path light area from upper left to lower right 
of 40-acre block 


would probably not average more than 0.6 cord per 
acre on the 6,000,000 acres or roughly 3,600,000 cords 
a year, or 45% of requirements. Much of this wood 
is being allowed to grow, 1.e., to increase the growing 
stock and, ultimately, the rate of growth per acre. In 
the course of time the 6,000,000 acres should be able 
to grow 75% of the 1947 wood consumption. 

2. For the region as a whole, despite heavy cutting, 
the Forest Service estimates that growth of trees of 
all species 5 inches in diameter and up from 1935 
through 1944, was only 0.8 of 1% less than the drain 
from all causes. In the year 1944 growth was 4.3% 
less than drain. These figures appear encouraging 
until further broken down, and it then develops: (a) 
that the volume of saw timber (of all species) de- 
clined 9.6% in the 10-year period, and 22.6% in 1944; 
and (b) that pine is showing the greatest decrease in 
total volume, while hardwoods, particularly in small 
diameter trees, are on the increase. In 1944 accord- 
ing to figures cited by James W. Cruikshank the 
volume of pine decreased by 2,600,000 cords or 3%, 
while hardwoods increased by 1,800,000 cords of 1.5%. 

These figures on the decline of pine growing stock 
percentagewise do not look too serious but occurring 
at a time when additional pulp mills are coming into 
production, they may pose a very real problem in 
sections where the drain is particularly heavy. An 
increase in the pine growing stock in East Texas is 
not of great benefit to a mill in Georgia or North 
Carolina. 

The figures showing the increase in the hardwoods 
are serious indeed. In 1944 the volume of hardwoods 
of saw timber size declined 2,243,000 board feet or 
roughly 4,500,000 cords, but total volume of hard- 
woods 5 inches and up increased 1,800,000 cords! 
There is ample visual evidence that the upsurge is 
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occurring on lands formerly occupied by pine. It Is 
becoming increasingly recognized that this constitutes 
one of the South’s most serious forestry problems. 

3. Pulpwood consumption still constitutes a rela- 
tively small percentage of the total drain on the 
South’s forests. In 1944, it accounted for only about 
8,000,000 cords or 10% of the total commercial drain 
of 82,400,000 cords. Fire and disease, in addition to 
the total commercial drain, accounted for 12,900,000 
cords. But once again, figures must be broken down 
further to disclose the significant facts. Pulpwood 
accounted for 17% of the commercial drain on pine, 
and only 2% of the commercial drain on hardwoods. 
Lumber accounted for 55% of the drain on pine and 
46% on hardwoods; fuel wood, 18% on pine and 24% 
on hardwoods. In the face of the upsurge of hard- 
wood, it is evident that one of the primary problems 
is to find increased uses for this material in pulp and 
papermaking. 

4. The South is still far below its potential capacity 
as a timber growing region. Again citing figures by 
Mr. Cruikshank, of the 183,266,000 acres of com- 
mercial forest land, 32.6 million acres are bare or have 
less than 40% stocking. Of 128,000,000 acres classed 
as saw timber or pole lands, only 25% are well 
stocked; 75% are understocked. It is Mr. Cruik- 
shank’s opinion that with good fire protection, planting 
where needed, and good forest management in general 
use, the pine growth in the South could actually be 
doubled. Asked if he might be quoted as the authority 
for this opinion, his rejoiner was, “Yes, but some may 
think the estimate overly conservative!” 

What does it mean? The growth of pine in the 
South in 1944 was estimated at 50,300,000 cords. Let 
us admit the impossibility of ever attaining perfection 
in the items mentioned above particularly since we 
have to meet the country’s heavy demands for forest 
products as we go along. If 50% of this goal could 
be reached we could add 25,000,000 cords a year to 
our annual pine growth; 20% attainment would add 
10,000,000 cords a year which is probably in excess 
of the total 1948 consumption of all pulpwood in the 
entire South. 


Fig. 2 
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FORESTRY PROGRAM 


As a nation we are prone too often to think of our- 
selves as reaching the point of action only when driven 
thereto by extremity. There is no doubt that wide- 
spread fires and destructive cutting creating the justi- 
fiable fear of an early end to the timber resources of 
certain states, have been powerful stimulants to action 
in setting up statewide “Keep Green” movements and 
other efforts at forest perpetuation. Industry, if it 
has the acumen and farsightedness with which it likes 
to credit itself, does not need to wait for disaster to 
overtake it before taking action. The lumber indus- 
try and the pulp mills have both the opportunity and 
the obligation, as the principal forest products users, 
to take the initiative in doing their part to make some 
substantial portion of this possible gain a reality. A 
measurable success in this effort will greatly strengthen 
their position as responsible and valuable units in the 
economic life of the South and add material insurance 
to the permanence of their operations in so far as raw 
materials are concerned. Such a program merits the 
active and continuing attention of top management 
in every unit in both industrial groups. 

What avenues of attack are open? The lines have 
been well laid down, many times and in many places, 
but let us review them briefly. 

Avenue 1.—Fire Protection: This has received in- 
creasing attention, year by year, and in many states 
the results are already apparent. It is amazing how 
seedlings will spring up, in areas protected from fire, 
even where there is little if any source of seed in sight. 
Pine seeds are frequently carried by the wind. from 
1/, to 1/. mile. Most of the 32.6 million acres of 
denuded and understocked lands are in that condi- 
tion solely because repeated grass fires have killed all 
seedlings year after year. Active support of state 
forestry organizations, insistence on good fire protec- 
tion, and continuing programs of education on the 
evils of wood fires are all tried and proved means of 
accomplishing results. In this connection, there is 


still a widespread but mistaken belief that woods fires 
do little damage to standing timber after it reaches a 
few feet in height. 
small trees. 


The damage is not confined to 


Fig. 3. Gaylord Container Corporation fire prevention 
poster emphasizing local employment 
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Fig. 4. Natural reproduction from slash pine seed trees 


Figure 1 is an aerial view of a 40-acre portion of a 
plantation just north of Bogalusa, La. The trees were 
planted about 1924 and in 1938 or 1939 a hot fire 
burned through the entire forty. The trees in the 
diagonal space in the center were killed outright. The 
trees on the fringe were not killed, and to all outward! 
appearances they seem normal, if their age and his- 
tory are not known. Figure 2, however, is a cross 
section of one of those trees, cut in November, 1947. 
The reduction of growth rate, indicated by the narrow 
annual rings beginning 8 or 9 years ago, is all too 
apparent. 

Avenue 2—Utilization of Hardwoods: While woods 
fires have been Public Enemy No. 1 to the South’s 
second-growth forests, there is a strong possibility 
that the hardwood invasion may take rank not far 
below, as Public Enemy No. 2. This is all the more 
so because in certain sections of the South, thinning 
or stand-improvement cuts of pine have seemingly had 
the effect of opening up the timber enough to permit 
shade-tolerant hardwoods to take over the openings 
to the exclusion of pine seedlings. A subsequent cut 
of pine leaves the land in full possession of the hard- 
woods. In many sections of the South, presently use- 
less hardwoods already occupy much ‘valuable space 
in pine stands. One beneficial effect of the heavy war- 
time demand for timber has been the opportunity 
which it afforded to cut vast quantities of low grade 
hardwoods for which there had been almost no prewar 
demand. At least the larger hardwoods were removed, 
and many culls and “wolf trees” were cut into ties, 
but at the same time heavy pine cuts occurred. The 
removal of the larger low grade hardwoods was a 
gain, but in many cases it simply meant more room 
for more small hardwoods. The problem seems to be 
to find a use for greater quantities of hardwoods of 
pulping size, or on forest sites that are primarily dedi- 
cated to pine, find a means for destroying the hard- 
woods.’ In bottom lands and typically hardwood 
areas, or where good specimens of a valuable species 
are found in pine stands, let them grow for their 
intrinsic value. 

The problem of finding a pulping use in quantity 
for hardwoods poses a challenge to the best technical 
brains. Small quantities are now used by most mills 
mixed with pine. Several mills use gums in making 
corrugating material. One mill uses oak for this 


Fig. 5. Company woods road through 24-year-old slash 
pine plantations 


purpose. Dissolving pulps offer a third outlet, but 
the total annual use is still relatively insignificant. 
Destruction of unwanted hardwoods has been ac- 
complished by girdling and poisoning, and by the 
judicious use of fire in stands where the pine is large 
enough to be beyond danger of serious damage by a 
“slow” fire still capable of killing young hardwoods. 
This raises in many minds the question of how to be 
sure of getting a “slow” forest fire, and how to keep 
it slow, once it gets a good start. There is the further 
danger of undoing the good already accomplished in 
stamping out the practice of woods burning. Yet the 
practice of controlled burning has strong advocates. 
Avenue No. 3—Improvement of Cutting Practices: 
Years ago even before the advent of the pulp mills, 
saw mills sought chiefly the larger and better quality 
trees leaving behind the younger and poorer trees. 
Later, particularly in the even-age long leaf stands, 
clear-cutting was widely practiced, and logging with 
skidders caused great damage to the few small or 
ill-formed trees that remained. Selective cutting as 
originally practiced had largely given way to clear 
cutting. Yet in spite of this, due to seed already on 
the ground, or further reseeding by trees left un- 
touched a large second-growth forest appeared on 
much of the cut-over lands in the South. The early 
pulp mills found their raw material among the smaller 
trees in this forest which were then unattractive to 
the existing saw mills. However, some clear cutting 
was practiced on these young stands, and it is not 
surprising that saw mills and the public in general 
came to regard the pulp mills as the destroyers of the 
South’s future forests. A number of the early pulp 
mill operators recognized the evil in this situation and 
to correct it, pooled their then slender resources’ to 
unite through the medium of the Southern Pulpwood 
Conservation Association to bring about an improve- 
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ment in the cutting of pulpwood. This represented 
the first organized effort in the United States to do 
something constructive on an industry-wide basis to 
perpetuate the forest resources of a region. 

Meanwhile the depletion of the original pine forest 
and the high prices and unprecedented demand for 
lumber occasioned by the War combined to tempt the 
saw mills, particularly the small portable mills, to 
cut the smaller trees heretofore cut mainly for pulp- 
wood. For a time almost any tree that would make 
a2 < 4 was fair prey for a “peckerwood” as the small 
mills were called. About the only difference dis- 
cernible between a bad pulpwood cut and a bad 
“neckerwood” cut was the diameters of the tops left 
in the woods. The pulp mills did do a generally 
better job of cleaning up. As a matter of fact, from 
the standpoint of tree utilization, the pulp mills stall 
lead the field cutting low stumps and leaving behind 
little but the branches. 

As matters now stand, both the pulp mills and the 
saw mills still have plenty of room left for improve- 
ment. Fortunately, timber is not an irreplaceable 
natural resource, like oil or gas, and does not need to 
be “conserved” in the sense that once gone it is beyond 
replacement. A better term than “conservation” 
might be “use with provision for continuous replenish- 
ment.” For a specific piece of land, this would mean 
in its best interpretation the harvesting of mature 
trees and thinning smaller ones for stand improvement 
and removing the overcrowded and less desirable pines 
for pulpwood to permit more rapid growth of the 
better. trees that remained. In this way a second and 
third cut could be made at perhaps 5- to 10-year 
intervals, and when the final harvesting cut is made, 


Fig. 6. Loblolly reproduction released by ax ei dli 
blackjack oak. Oak sprouts are I pee Ot ee 
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young pines should be on the ground ready in a few 
years to yield a cut of pulpwood. 

In a perhaps less desirable interpretation, “use with 
provision for continuous replenishment” might mean 
cutting to leave seed trees, or strip-cutting with seed 
trees left along the fringes, if that proves to be the 
best way of defeating the hardwood invasion. Such 
cutting still provides for replenishment although it 
is intermittent rather than continuous as a much 
longer time must elapse before another commercial 
cut can be made. 

Pulp mill lands and many lumber company lands 
are cut with provision for continuous replenishment 
or “sustained yield” as it is generally termed. The 
problem before the wood-using industries is to encour- 
age such cutting practices on private lands. Its solu- 
tion involves selling the land owner on the idea, as 
well as the logger and the pulpwood producer. Most 
pulp mills, and saw mills in increasing numbers, now 
maintain foresters or trained woodsmen to mark a 
landowner’s trees before cutting, designating the larger 
and better quality trees for piling and saw logs and 
the less desirable trees for pulpwood but leaving an 
adequate growing stock on the land, to provide for 
continuous replenishment. 

While much progress has been made in this direction 
it is still a fact that many if not most small private 
holdings are still improperly cut. If the logger and 
pulpwood producer urge a partial cut the owner’s in- 
difference or need for ready cash may cause him to 
insist on clear cutting. A ready-made solution to 
such a problem, frequently offered, is to pass a state 
or federal law requiring that cutting on all lands be 
done with provision for replenishment. Such laws may 
ultimately be enacted if the industries and other 
agencies concerned do not succeed in educating the 
small landowner on the benefits of partial cutting and 
educating their own suppliers to cut in conformity 
with good forestry practices. The pulp mills cannot 
accomplish this singlehanded. In conjunction with 
the saw mills and other wood-using industries, much 
could be accomplished, and efforts are now underway 
to try out such a joint educational program in the 
field. The effort-is deserving of full support. 


Avenue No. 4—Multiple Use of Forests: Here again 
is a field for active collaboration between the lumber 
and pulp industries. It is practically impossible to 
grow pulpwood without growing some saw timber, 
and while most pulp mills are equipped to chip large 
diameter bolts, why cut up a 20-inch tree into pulp- 
wood when its value as a sawlog is so much greater? 
Likewise saw mills leave usable tops in the woods 
which, at a price that allows for the extra labor re- 
quired for lopping off limbs, can be converted into 
pulpwood. Stands of timber ultimately destined for 
the saw mills also require thinning for best growth, 
and the pulp mills afford a ready market for the less 
desirable trees so removed. This collaboration is con- 
stantly going on between individual pulp mills and 
saw mills. Its further extension will benefit both 
groups, effect the best utilization of forest products, 
and help to increase the total growth on the lands of 
the South. 

Avenue No. §—Utilization of Saw Miil Refuse: It 
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Fig. 7. Natural loblolly pine reproduction released from 
blackjack overstory by chemical ammate poisoning 


is difficult to estimate the total loss now occurring 
through nonutilization of saw mill refuse or how much 
might be saved through pulping or other types of 
Removal of bark is one of the problems, 
but handling and transportation costs may be such as 
to make practical large-scale use very difficult. 
.Avenue No. 6.—Planting of Nonrestocked Forest 
Lands: Much might be written about the excellent 
results obtained on large-scale plantations. There 
are numbers of them to be seen throughout the South, 
the largest and oldest being those set out by the old 
Great Southern Lumber Company in Bogalusa, Louisi- 
ana, and added to year after year by the Gaylord 
Container Corporation. The fine results obtainable 
have been amply demonstrated. The problem all 
over the South is to obtain sufficient seedlings to 
supply the demand for planting on both public and 
company-owned lands. 

The six avenues of attack which have been dis- 
cussed above are open to every unit in the saw mill 
and pulp industries of the South. To imagine that 
the forest resources will remain unimpaired unless we 
do attack the problem is sheer folly. The pulp mills 
through the Southern Pulpwood Conservation Asso- 
ciation have taken an active lead in this assault. For 
the lumber industry to joi forces is now the crying 
need. It will not Suffice merely to publicize the im- 
portance of the respective industries and their con- 
tribution to the economic life of the South and of the 
Nation. The public is now beginning to ask what 
measures the forest-industries are taking to keep the 
forests productive. If we do not take action, it will 
not be surprising if the State or Federal Gover nments 
step in with regulations which, we may be sure, will 
be far easier of enforcement against industries than 
against individuals. 


Economics of Wood Handling 


JOHN A. WILLARD 


This paper deals with the problems of wood handling and 
the part that mechanization can play in them. The author, 
from his observations of wood-handling operations in 
Sweden a year ago, contrasts methods in that country with 
those in effect here. Throughout the paper emphasis is 
laid on the importance of knowing costs as the first step 
toward reducing them. This applies to the wood wherever 
it is handled, in the woods, enroute or in the yard. Vari- 
ous ways of handling wood are discussed, with reference 
to the differences in method between the north and the 
south. It is strongly urged that handling methods and 
equipment be selected only after careful study and on the 
basis of preplanning of operating costs. A cost formula 
is included for guidance. 


Tuts paper is to deal primarily with the prob- 
lems of wood handling lying within the responsibility 
of paper mill personnel as contrasted with the responsi- 
bilities of the woods department, whose job is to buy 
or harvest the supply of wood and deliver it to the 
wood yard. 

Yet it should be borne in mind that these two re- 
sponsibilities cannot be wholly separated. The de- 
livery problem of the woods department is compli- 
cated by the way the mill equips its wood yard re- 
celving facilities; but again, these facilities must be 
fashioned in accordance with how wood can be or 
is delivered. The wide variety of handling problems 
involved can constantly be seen in a broad range of 
methods of wood delivery: namely, river-driven wood, 
rail deliveries (with their variations of box cars, flat 
cars and even gondolas), motor trucks which may be 
either company-owned trucks, hired trucks, or con- 
tractors’ trucks), and farm vehicles of sundry kinds. 

Primarily and fundamentally, it is necessary here 
to urge paper mill operating executives to take a more 
definite interest in the problems of wood delivery than 
is too often the case at present. Mill managements 
often are seemingly indifferent to many of the prob- 
lems involved in determining trucking costs, in elimi- 
nating the unnecessary delays which are apt to be- 
come chronic in the unloading of trucks or cars in the 
wood yard, and in establishing fair but accurate 
methods of scaling or otherwise measuring wood. Of 
course, there are outstanding examples of interest on 
the part of mill executives in various aspects of these 
problems. However, far too often their efforts are 
not coordinated; far too often they do not cover all 
phases of the problem; and even more often their in- 
terest 1s sporadic rather than well maintained. 

Before proceeding with a discussion of the various 
elements of the wood handling problem, it might be 
interesting to digress and make a few comments with 


regard to a visit to Scandinavia last year. During 
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this visit to Sweden, the opportunity was enjoyed of 
looking over the woods operations and the wood hand- 
ling operations of the Uddeholm Company, among 
others. 

It was observed that the problems of forest manage- 
ment were handled extremely well on an operation 
covering some 750,000 acres of woodlands, of which 
about 560,000 acres were in active production of pulp- 
wood. The differential between these two figures was 
made up of land used for roads and the natural oecur- 
rences of lakes, rivers, swamps, ledges, or other areas 
unsuitable for growing pulpwood. . 

The skillful handling of forest management prob- 
lems and training in this field was not acquired over- 
night. It dates back to the many years of growing 
wood for use in smelting Swedish ore to yield Swedish 
steels practically free from phosphorus and sulphur 
(the presence of which in many cases in U. 8. steel 
is primarily the result of using coal or coke for smelt- 
ing). Accordingly, with the development of the sul- 
phite process by the late Carl Eckman, forests were 
available for the production of pulp and paper. Fur- 
thermore the Swedes knew how to grow these forests 
and looked upon them as a national crop—with a 
longer growing season before being ready to harvest 
than a vegetable garden, but to be just as carefully 
managed. In general, the impression was gained that 
about three times the number of trained foresters 
are used in Sweden per 100,000 acres of woodland as 
in the U.S. 

Whereas the problems of forest management have 
been highly developed in Sweden, the harvesting of 
the wood crop and the handling of wood in the woods 
has not yet been mechanized to anything like the point 
it has reached in America. Much of their wood is 
delivered in lengths of 4 to 5 meters. Some logs are 
peeled in the woods, but many barking drums are 
being used in the mills, especially in the 5 meter 
lengths. These logs, of course, are subsequently cut 
to normal pulpwood length by gang saws in the mill. 
The growing cycle permits cutting of the average 
species about once in 35 years, as contrasted with a 
considerably shorter period in the Southern States. 
Even then, a great deal of the wood is much smaller 
in diameter than is economic to cut in America, rang- 
ing from 3 to 4 inches only, this despite the fact that 
woods employees are paid about 75 to 80¢ an hour 
in Sweden. 

Studies which have been carried out in the south 
in this country show that the fiber yield on trees 61/5 
inches d.b.h. and smaller is not economic. The cost 
is too high for the fiber yield produced. Trees below 
6'/2 inches in diameter should not be cut under a 
selective cutting program unless the trees are defective 
or unless it is necessary to “clear cut” a wood lot to 
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Fig. 1. Wood sorting booms—storage pockets 


improve future growth. No doubt much of Sweden’s 
use of 4 to 5 meter lengths is due to smaller tree di- 
ameter than is common in the United States, but it 
is hard to visualize its being economic even there to 
cut the smaller trees. The fiber yield from a tree in- 
creases with the square of the diameter, in Sweden 
as everywhere else. 


HANDLING WOOD TO THE MILL 


Log lengths, however, are economic for river driv- 
ing even in the United States. Where this method is 
used it is customary to reclaim the logs from the water 
by a chain conveyor running down below log level 
in the water to facilitate conveyor loading. The con- 
veyor then feeds directly to a gang saw for cutting 
to length. 

In rivers which serve more than one mill, exten- 
sive sorting booms are necessary. Figure 1 shows 
such a layout on the Klaralven in Sweden. The logs 
are assembled in rafts and towed to the mill after 
sorting. The labor and power cost 1s at a minimum. 
Since these logs also have to be sorted by species of 
wood as well as by ownership, this layout permits 
doing the job well once. The word “once” is empha- 
sized because all to often in wood handling a job is 
only partly done (as, for instance, when changes in 
plans cause temporary stacking of wood). Then the 
wood has to be handled all over again before delivery 
to its destination. Handling and rehandling wood in 
the yard is one of the most important causes of ex- 
cessive yard handling costs. It usually costs from 
65¢ to $1.00 per cord to make even the s mvlest move- 
ment of a cord of wood, particularly if handled by 
hand. 

Therefore, planning for a single straight-through 
handling of wood can result in definitely lower costs. 
In this statement no criticism is intended of the prac- 
tice of keeping wood in storage piles awaiting use, 
because the way has not yet been found to run a mill 
every day without a reasonable wood inventory, evci 
in the south. The cost of shutting down a paper mill 
far outweighs the expense of piling and reclaiming 
wood. Again, in the north the cutting season limita- 
tions make storage of wood in large quantities un- 
avoidable. 

Before leaving the subject of bucking wood into 
pulpwood lengths, it might be well to go on record 
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that this operation can be carried out most economi- 
cally at the mill; that trees should be eut in reasonable 
log lengths (depending upon the type of tree, the 
species, and log diameter); and should be skidded to 
central loading landings and there loaded on pole 
trucks by an “A” frame loader. The pole trucks 
would deliver these logs to the mill where the logs 
could well be dumped on a chain conveyor and fed 
through a gang saw for cutting to pulpwood length. 
It is believed the costs of handling wood to the mill 
in this way will show a definite over-all saving, be- 
cause the average load per truck is about doubled 
while handling and trucking costs are lowered. 

A familiarity with proper methods of figuring truck- 
ing costs* is essential to the mill management. With 
such data the yard arrangements can be laid out to 
minimize truck “turn-around” time and delivery costs. 
The importance of this cost reduction can be presented 
to the management in dollars and cents. Put that 
way, the figures attract attention. Costs are sepa- 
rated into fixed per hour costs and operating per hour 
costs. 

The way in which doubling the load on a truck can 
reduce costs will immediately be seen from the cost 
formula. Loads’ and speeds depend on road condi- 
tions and truck design. Even when tires are not 
rationed, trucks should never be run through the woods 
to pick up wood. It is uneconomic. Trucks should 
stay on reasonably well made roads. Use of the cost 
formula will determine how much can be afforded 
to spend for roads. 


UNLOADING WOOD AT THE YARD 


The development of adequate methods of unloading 
wood at the mill yard has probably been retarded 
as much as any other one phase of wood handling 
although numerous attempts have been made _ to 
correct that fact. The operation is dependent mainly 
on day labor in far too many instances. 

As stated in an earlier section of this paper, wood 
arrives at the yard in motor trucks, farmers’ wagons, 
box ears, flat cars, sometimes by gondolas, or by water. 
In the latter case, it can arrive either floated or on 
barges. 

For the unloading of trucks, costs can be very 
greatly reduced if large dump trucks can be used. 
Where the variety of trucks to be handled at the yard 
is very wide, it is suggested that an inclined ramp be 
installed with provisions for blocking the wheels so 
that gravity will have a chance to do the greater 
portion of the work in unloading the truck after the 
binding chains or ropes are taken off. 

In all probability, only the mill owners can afford 
to own dump trucks. Private operators and con- 
tractors would be much more apt to have platform 
trucks which could make good use of an inclined un- 
loading dock. 

In each particular case a fundamental Job should 
be carried out on studying delivery conditions at the 
mill, and so far as possible unloading of trucks by 
hand labor should be reduced to a minimum. 


* A brief but adequate statement of how to figure trucking costs can 
be found in ‘‘Preplanning of Logging Operations for Minimum Costs,’’ 
by Don M. Matthews and J. A. Willard, published in Mechanical Engi- 
neering, May, 1945; Paper Trade J. 122, No. 6: 48-47 (Feb. 7, 1946). 


On wood received by rail, it is understood that the 
Bangor & Aroostook Railroad has recently developed 
a box car whose sides are hinged at the top so that the 
box car load can be dumped quite quickly on arrival 
at the mill, or at least within the demurrage period. 
It has been stated, however, that some other railroads 
think that the possibility of these sides working loose 
while in transit constitutes a menace to safe rail- 
roading. | 

In Sweden cases were observed where flat cars were 
switched onto a side track that had one rail lowered 
4 or 5 inches below the other rail. Thus when the 
side stakes were pulled out and the binding chains 
released, the whole load rolled off the side of the car 
at minimum cost. The author has tried to convince 
American mill operators that this is a good scheme, but 
he has never seen it adopted in this country, though 
of course it is possible that it is being used in some 
isolated instances (see Figs. 2 and 3). 

Again, the idea has been advocated of using a ram 
or pusher working through the side door of a box car 
to move out the center loaded section of the car. So 
far as is known, however, in 10 or 15 years’ time this 
scheme has not gone beyond the drafting board stage. 
This is probably because the attention of mill man- 
agement has tended to be concentrated on operations 
within the mill rather than because of any defect in 
the idea itself. 

Orange-peel grab buckets have been quite widely 
used in unloading flat cars and for reclaiming wood 
from ground piles or for other storage. Here again 
a careful calculation of handling costs should be made 
before the equipment is purchased. 

These types of cranes and buckets constitute a sub- 
stantial investment and their fixed costs, plus their 
per hour operating costs, need to be gone into with 
care ahead of time, rather than after excessive costs 
are encountered. These statements should not be 
taken as a criticism of this type of equipment where 
it has been carefully selected with a full knowledge 
of the operating costs involved. 

Again, some mills, particularly those where the 
wood comes in on barges, have been able to make 
worth-while savings by arranging for the wood to be 
put up in bundles and handled with slings and cranes. 
This type of operation is very much more apt to be 
economic than the use of an orange-peel where the 


Fig. 2. Car unloading—one depressed rail—end view 


Fig. 3. Car unloading—one depressed rail—delivery side 


load per trip of the crane boom is variable and de- 
pendent upon the accidents of pile arrangement. 

For a comparison of the costs of these various 
methods of wood handling as against unloading a box 
ear by hand labor, studies have shown that the stand- 
ard rate of unloading a box car by hand will average 
about 3 units per man-hour. In this case the unit 
contains 160 cubic feet of wood. The average di- 
ameter is 8'/, inches for rough wood. Peeled wood 
can be handled a little faster, unless the sap has 
not dried out of the wood, probably because it is 
easier on the hands than rough wood. Some indi- 
vidual studies have shown an unloading cost (in man- 
hours) of double that given above, in cases where 
the wood averaged so large in size that it could not 
readily be handled with a smooth motion. 

Studies of unloading trucks by hand, containing 
roughly 1°/,9 to 2 units per truck, show an average 
of about 25 minutes. Unloading of the same size 
truck by tilting took from 1 to 3 minutes. 

Further studies of the gain to be made in unloading 
box cars by tipping indicate savings of approximately 
30%. 

The units that can be handled per trip of an orange- 
peel bucket range from 1/, to 3/, of a unit. At 40 
trips per hour, the cost per unit to reclaim wood by 
orange-peel is approximately 21 to 30¢ per unit. 

Any of these figures for output, measured in time, 
can be multiphed by present-day wage rates to de- 
termine present-day cost. The cost for using an 
orange-peel bucket is about 3 years old and today’s 
figure should be adjusted accordingly. 


WOOD HANDLING AFTER ARRIVAL AT THE YARD 


At most mills in the north, wood is peeled either 
in the woods or before being put into storage piles at 
the mill. 

In the south; wood is peeled almost exclusively in 
barking drums at the mill. The peeling of the wood 
is not carried out until the wood is put into process; 
it goes through barking drums on the way to the chip 
house. : 

In the south, if wood stays in storage piles more 
than a few months, bugs will bring about the peeling 
with some deterioration of the wood. 

Therefore, the handling of the wood in the yard 
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will depend a good deal upon whether the mill is 
located in the north or in the south and how many 
different kinds of wood are necessary for the types of 
paper produced at the paper mill. 

In a typical mill located about half way between 
the north and south, one is very apt to find four kinds 
of wood that have to be handled. The wood classi- 
fication in the wood yard is not necessarily the same 
classification that is used in the woods. At the mill 
a wood is rated as “hard” or “soft” by the length of 
cooking time in the digester rather than on the basis 
of tree technology. 

As an example of the problems that can occur in a 
single wood yard handling a number of different kinds 
of woods, the following’ list gives some of the items 
that had to be considered in working out the design 
of wood yard facilities: 


1. Bark all wood before piling in storage. 

2. Four kinds of wood to be handled and kept 
separately, about 50% short leaf pine. 

3. Barking drum capacity twice as great on pine 
as on hardwood. 

4. Sort for cleanliness. 

5. Sort for size (14 inch maximum to chipper). 

6. Practically all car receipts in box cars, hand 
unloaded. 

7. 15% of total by truck (2-cord capacity). 

8. Ability to unload several types of wood simul- 
taneously without mixing. 

9. Ability to reclaim from pile while unload- 
ing from cars. 

10. Opportunity to take out first, the first wood in. 

11. Avoidance of night operations if possible. 

12. Reclaim by orange-peel bucket 85% of pile 
in one handling. 

13. Central control of operations to promote safety 
of personnel. 

‘No attempt will be made to detail the actual de- 
sign laid out to meet all these conditions because they 
probably would have to be handled differently some- 
where else. There is more than one way of dealing 
with several of them. 

The method which is most commonly met in the 
south is to dump or throw the wood into some type 
of drag chain conveyor, with high maintenance cost 
inherent in such procedure. 

All kinds of variations have been seen in handling 
and storing the incoming wood. In some cases use 
is made of multiple spur tracks for rail delivery of 
wood to storage piles; in other cases a multiple system 
of roadways is used for piling direct from trucks into 
storage piles. Again, provision has to be made for 
delivery of wood direct to the barking drums so that 
in case of shortage of some types of wood, incoming 
wood either by truck or by car can be conveyed 
straight to the barking drums and thence to the chip 
house. 

Also, in northern mills when wood is not peeled in 
the woods, provision must be made for sorting for 
cleanliness after it comes from the barking drums. 
This could mean either sending wood back to the bark- 
ing drums for another cycle, or to storage piles, or to 
the chip house. 

Practically anything that is stated in this paper 
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with respect to barking drums would apply also to 
the hydraulic barker, although in a large number of 
cases wood goes directly into process from hydraulic 
barkers rather than to storage piles. 

There has also been seen in the south a wood yard 
laid out with a network of drag chain conveyors for 
reclaiming the wood from piles. On account of the 
high maintenance cost, it is believed that this method 
is suitable only for a relatively small storage volume 
where the turnover of wood is high and where weather 
does not interfere with year-round woods operations. 

As has been referred to previously, water-borne 
wood is used extensively in the north but to a very 
limited extent in the south. Where this method is 
used, periodic reclamation of wood that will not float 
is usually economic. A velocity of 3 or 4 feet a second 
will serve to keep hardwood “sinkers” moving and 
minimize this reclamation cost. 

Undoubtedly, the first cost of concrete flumes or 
sluiceways may be substantially higher than that of 
drag chain conveyors, but certainly the maintenance 
cost of the former is substantially under that of cable 
and button drags or link chains. 

It is believed that in the next two or three years 
sufficient comparative cost experience will have been 
developed to permit a sounder appraisal of the types 
of conveyor methods used in handling wood from its 
point of receipt, either to storage or to the chip house. 

The method of delivering the wood from the bark- 
ing devices to the storage piles will depend a great 
deal upon the location of the mill and the amount of 
wood stored compared with mill capacity. 

The harvesting of wood in locations in the mid- 
Atlantic area requires that a third of a year’s supply 
be on hand at.the end of a cutting season. In mills 
further north, even more than this is needed, and the 
problem of piling this wood, and its recovery from the 
piles, can become a substantial factor in wood yard 
handling costs. 

An impressive overhead conveyor of the cable and 
button type was observed in operation at Grande 
Mere, Quebec. It resulted, of course, in Jackstraw 
piling and permitted recovery either through feeding 
gates, where the conveyor went underground on its 
return, or from the sides of the pile if that were 
desired. This particular conveyor was relatively 
simple, having towers about 80 feet high and perhaps 
200 feet apart. For a considerable portion of the 
distance between the towers, the cable was un- 
supported, merely leveling off the top of the pile when 
it rose too high. 

Experience has shown that button spacing on a 
conveyor of this sort should be 5 to 6 feet depending 
upon the length of the wood, and that relatively large 
bull wheels at the end make for lower maintenance. 

This type of overhead conveyor, with a cable about 
80 feet high, permits making piles about 200 feet wide. 
This capacity can be increased if some of the stored 
wood is hand ranked at the edges of the pile. In some 
locations the contour of the ground might make con- 
struction of permanent retaining walls desirable. Piles 
of this sort will hold, roughly, 20,000 to 23000 cords 
of wood. 

Figure 4 shows a rather deluxe edition of this type 
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of overhead conveyor with a suspension bridge design 
which is considerably more expensive than the con- 
veyor seen at Grande Mere, Quebec. 

Alternatives to this type of overhead conveyor are 
the inclined boom stationary pilers that are fed by 
drag chain conveyors from a barking drum, truck, 
or freight car. In cases where peeled wood is received, 
pilers of this sort have been used quite effectively in 
combination with drag chain conveyors, though the 
maintenance cost is relatively higher. 

It should be pointed out here that in the case of 
the overhead conveyor the only reason for using 
orange-peel buckets for reclaiming of the wood in- 
stead of the return side of the conveyor in a tunnel, 
would be because of the necessity of keeping the dif- 
ferent kinds of wood separate. As stated earlier, 
orange-peel reclaiming can probably be done for 21 
to 30¢a cord, and alternative methods should be kept 
within these limits unless the design characteristics, 
which have to be met, make it necessary to resort to 
some other method, even if more expensive. 

One mill has an arrangement of three barking drums 
with facilities for sorting the wood after barking and 
delivering it either to the storage piles or to the chip 
house or for recycling through the drums. 

In all probability the ideal method of peeling wood 
has not yet been developed. The barking drum manu- 
facturers are still seeking a design of drum that will 
stand up under the pounding of heavy wood and at 
the same time remove the bark efficiently. In the 
last 3 or 4 years considerable improvement has been 
made in drum design both with respect to ability to 
get the bark off and in reducing maintenance cost of 
the drum itself. 

The hydraulic barker has been adopted by quite a 
few mills for at least a portion of their barking, but 
with its relatively greater cost per cord than the 
barking drum, it has not yet provided the whole an- 
swer to this dificult problem. However, in view of 
the high cost of wages per hour in the woods, it is 
imperative to use some means of barking the wood 
other than by hand. : 

The problem of bark disposal is an important one, 
which receives too little consideration from mill man- 
agement. In the newer Southern mills, engineered 
from the start, adequate provision is usually made 
for burning the bark for steam generation. While 
bark is thinner on northern trees, adequate means 
for drying out and burning the bark should return 
a good profit on the necessary equipment. 

One idea which it is believed has not been tried 
to any extent, In connection with the storage of wood 
and the providing of facilities to make possible a 
multiplicity of methods of handling, would be that 
of providing sizable bins for the storage of chips. 

To store a unit of 160 cubic feet of pulpwood, loosely 
piled, takes from 215 to 230 cubic feet. To store 
the same unit in the form of chips would take about 
300 cubic feet. Thus, almost double the cord capacity 
(piled wood) must be provided for chip storage. 
However, a relatively modest chip inventory might 
well be a factor in permitting more simplified opera- 
tion of a wood yard where three or four different kinds 
of wood have to be handled and it is desired to mini- 
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Fig. 4. Overhead cable and button jack straw piler 


mize the amount of barking and handling equipment 
to be supplied for simultaneous operation. 

Such a plan might easily permit a more distant 
location of the chipper house from the digester build- 
ing and in some cases serve to solve difficult plant 
layout problems set up by the location of water supply, 
uneven ground, or other factors. 

Throughout this discussion emphasis has continu- 
ally been laid on the necessity for a predetermination 
of operating costs. Take as an example, a wood yard 
handling 700 cords a day. To meet design conditions 
similar to those mentioned earlier in this report, it 
has been possible to operate such a yard with a normal 
crew of 6 men around the equipment and 10 more at 
various stations in the yard. In the selection of wood 
handling methods the man power required is calceu- 
lated to reduce handling costs to a minimum. 


THE COST FORMULA 


The cost formula referred to previously is not com- 
plex. In general, in calculating the desirability of a 
particular method involving the use of mechanized 
equipment, costs will be at a minimum when the fixed 
costs per hour approximately equal the variable oper- 
ating costs per hour. That is why they are termed | 
“economic costs.” 

Fixed costs include those items that are incurred 
even though the equipment is not operating steadily. 
They are: interest on investment, depreciation, in- 
surance, taxes, standby labor, social security, pro- 
portion of general yard overhead expense, and li- 
censes—motorized equipment. 

Operating costs per hour run are: power (electric 
or gasoline and oil and grease) ; repair parts (particu- 
larly on chain conveyors) ; repair labor (tires on mo- 
torized equipment, etc.) ; operating labor, on average 
run time when labor goes to operate ophee equipment 
during shutdown period. 

Calculate the anticipated hours of operation per 
year and assume the fixed and variable costs per hour ~ 
are equal. When so arranged minimum costs will re- 
sult. It can then readily be figured whether the in- 
vestment is justifiable. Or one can calculate the cost 
per cord of wood and compare it with other methods 
or even with hand labor. 

Recriveo Oct. 15, 1948. Presented at the Third Engineering Conference 
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Microstructure of Wood and Wood Fibers 


GEORGE J. RITTER 


The object of this paper is to indicate the phases of wood 
and fiber microstructure that should be considered in the 
light of current developments. The structure of wood and 
its various components are described in considerable detail. 


Tue work of early investigators on the micro- 
structure of wood and wood fibers serves as a stimulus 
to present-day research workers. Although early mi- 
croscopes were crude, in comparison with those of 
present-day design, in the hands of careful workers 
they did disclose extremely fine microstructures in 
wood and the cell walls of fibers. Fibrils were re- 
ported in the cell walls of fibers by Meyer in 1838 
(11). Stratification in transverse wood sections and 
striations in the lateral surfaces of fibers were recorded 
in 1877 and 1882 (24). Nageli’s micelle theory of 
plant structure (13), which is still fundamentally 
sound, was published in 1877. Treatment of fibers in 
1892 with acid at elevated temperatures transformed 
the material to a dustlike residue, the particles of 
which were designated dermatosomes (26). 

During the last 25 years several research workers 
developed methods for locating the chemical constitu- 
ents in the cell wall. Wood sections were treated 
with solvents for a given constituent and with the aid 
of a microscope the position of the remaining constitu- 
ents was located in the residue. Some preliminary 
work in this field (1, 9) showed the possibility of 
obtaining fundamental data on the cell-wall structure. 
A series of publications (2, 3, 5, 7, 10, 11, 16, 23, 25) 
has furnished many confirmatory data and some of a 
contradictory nature. 

The object of the present paper is to indicate the 
phases of wood and fiber microstructure that should 
be considered in the light of current developments. 

Microstructure in conjunction with the chemical 
composition of wood should be considered in the de- 
velopment of commercial uses for the material. For 
example, the fact that wood is composed of slender 
fibers and that the fibers can be separated mechanically 
and chemically is the basis for the development of 
processes for converting wood to pulp. Further, the 
fibrous-porous nature of wood is the basis for methods 
of impregnating it with preservative liquors. 

Although wood substance, that is, material com- 
prising cell walls, has a constant specific gravity of 
approximately 1.5, the porous structure reduces its 
over-all specific gravity to values that range, because 
of variation in size of cell cavity and cell-wall 
thickness, from approximately 0.3 to 0.8, averaging 
about 0.5. 

Since the specific gravity of wood substance is 1.4 
and that of the over-all wood averages 0.5, approxi- 
mately two-thirds of a wood. block comprises air 
interstices or pockets containing air. 

Georce J. Rirrer, Chemist, Forest Products Laboratory, Forest Service, 
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Due to its over-all porousness and lightness and 
its strong affinity for water, wood is easily sawed, cut, 
planed, shaped, steamed, bent, plasticized, molded, and 
fabricated. It can be fabricated on the job into 
intricate structures with simple tools, and firmly held 
in place by nails, screws, or adhesives. 


CONVENTIONAL PLANES OF WOOD 


Conventional terms descriptive of the planes in 
which wood is cut for study are used throughout this 
discussion. A wedge-shaped specimen in Fig. 1 sawed 
from the trunk of a tree serves to illustrate each plane. 
As shown in Fig. 1, the face resulting when a bolt of 
wood is cut crosswise at right angles to the grain is 
called a cross section or transverse section. The radial 
face is exposed when the wood is cut at right angles 
to the transverse face and follows a radius of the bolt. 
The tangential face is exposed when the wood is cut 
parallel with the grain, at right angles to the radial 
face, and parallel to the annual rings. 


Fig. 1. Wedge of wood 


In hardwoods the fibrous elements comprise fibers, 
parenchyma cells, and vessels in the longitudinal direc- 
tion and ray cells that are the elements of the wood 
rays, in the horizontal direction of the tree, as shown 
in Fig. 2. The walls of the fibers are copiously per- 
forated with pits. These pits are much more numerous 
on the radial than on the tangential walls. The walls 
of ray cells are also copiously pitted and where a 
vertical fiber crosses a ray cell, the pitting is .con- 
junctive. Thus communication between fibers, be- 
tween ray cells, and between fibers and ray cells is 
provided in the radial direction. In softwoods the 
fibrous elements comprise tracheids and resin ducts in 
the longitudinal direction and ray cells in the hori- 
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Fig. 2. Diagram of hardwood block 


zontal direction. Horizontal resin ducts are also 
present in the wood rays of pines, tamaracks, Douglas 
fir, and spruces, as may be noted in Fig. 3. Pits that 
copiously occur on the radial walls of the fibrous 
elements provide communication between adjoining 
tracheids, between ray cells, and between tracheids 
and ray cells. 


Fig. 3. Diagram of a softwood block 
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The wood specimens in Figs. 2 and 3, as may be 
noted are heterogeneous in structure; they are also 
heterogenous in chemical composition, comprising ex- 
tractives, ash-forming minerals, lignin, and holocellu- 
lose. However, the last three of the four preceding 
components are uniformly diffused throughout one 
another in a macro sense so that any one of the three 
components by itself retains the microstructural pat- 
tern of the wood, as has been demonstrated by Ritter 
(17). He removed the extractives from wood blocks 
cut 1/g inch on edge. From one of the cubes he 
removed the lignin with a lignin solvent, leaving the 
holocellulose as a cubical block, which retained the 
microstructural patterns of the wood (Fig. 4a). Re- 
tention of the wood structure by the holocellulose is 
apparently possible because a portion of the hemi- 
celluloses in the holocellulose is located with the lignin 
in the middle lamella and thereby holds the holocellu- 
lose cells together. A second extractive-free block 
was treated with solvents that dissolve the holocellu- 
lose and the ash-forming minerals, thereby leaving the 
lignin residue which retains the microstructural pat- 
tern of the wood because lignin is present in the cell 
wall and the middle lamella as shown in Fig. 4c. A 
third extractive-free block was burned in an atmos- 
phere of partially ozonized oxygen in a carefully con- 
trolled electric furnace to remove all the organic mate- 
rials of the wood. The ash block weighed 0.4% of 
the extractive-free wood and retained the microstruc- 
tural pattern of the wood, as shown in Fig. 4d, indi- 
cating that the ash-forming minerals are distributed 
in the cell wall and the middle lamella. Figs. 4a’, b’, 
c’, d’ show the cross-sectional pattern of the blocks of 
extractive-free wood, holocellulose, lignin, and ash. 


- 
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Fig. 4. Components that retain the mi- 
crostructure of the wood 
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EXTRACTIVES 


Extractives include tannins, sugars, starches, oils, 
resins, fats, and waxes, and are soluble in néutral 
solvents, such as water, alcohol, ether, benzene, and 
acetone. They are sometimes referred to as incrustants 
occurring in the cell cavities, the intercellular spaces, 
and the cell wall, but they form no part of the wood 
structure. Although extractives are described as 
soluble in neutral solvents, some of them in heartwood 
_ appear to polymerize or otherwise react to form ex- 
ceedingly refractive materials to neutral solvents; they 
even become insoluble in lignin and_holocellulose 
solvents. A paper on membranous substances in 
heartwood by Pew (14) to appear in the Journal of 
Forestry shows that refractive extractives occur in 
the ray cells of the heartwood from Douglas fir, 
hemlock, oak, and spruce. They can be isolated by 
dissolving the lignin and the holocellulose by means 
of a formaldehyde-sulphuric acid mixture,- thereby 
leaving the resistant extractives as thin liners of the 
original ray cells even to the extent of liners of the 
ray-cell pits as shown in Fig. 5. 


Fig. 5. Liners of extractives in ray cells 


When any of the components are extracted from 
wood, the residue increases in porosity through the 
creation of artificial voids. These voids supplement 
those of the permanent class known as fiber cavities, 
intercellular spaces at the junction of three or more 
fibers, and the transient voids between cellulose 
crystallites, and between amorphously arranged cellu- 
lose chains into which water is adsorbed to cause the 
swelling of wood. Ritter has demonstrated that the 
artificially created voids become microscopically visible 
if sufficient percentages of the extractives, hemicellu- 
loses, and lignins are removed by solvents as shown 
in Fig. 6 in which loosening of the cell wall to show 
stratification has begun. If the removal of cell-wall 
components is carried further, separation of the sleeves 
to disclose stratifications of the cell wall and loosening 
of tertiary cell-wall fibrils begin as shown in Fig. 7. 
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Fig. 6. Cross section of softwood from which extractives 
and some of the hemicelluloses have been removed 


The removal of portions of the cell-wall components 
weakens the walls, makes possible further swelling of 
the softened tissues, and produces slight deformation 
of the fiber cross sections from general rectangular to 
ring shape, because fiber sections are swollen beyond 
their original water-soaked conditions, they change 
to the shape requiring the least external surface. 


MICROSTRUCTURE OF FIBERS 


Sleeves 


Wood fibers are slender hollow capsular-shaped 
bodies. Fibers from hardwoods average 1 mm. in 
length and 0.01 mm. in diameter; those from softwoods 
average 3 mm. in length and 0.03 mm. in diameter. 
Wood fibers have been reported as comprising a micro- 
structure resembling concentric sleeves which first 
manifest themselves as stratifications. The sleeves 
of delignified wood fibers can be loosened by chemical 
means and separated (18) from one another by tele- 
scoping them endwise. 


Fibrils 

Except for the numerous pit apertures, the outer 
sleeves of well-delignified fibers, before being sub- 
jected to chemical dissecting agents. appear as slender, 
pointed, smooth-surfaced homogeneous capsules. How- 


. 


Fig. 7. Cross section of softwood in which the fibrils in 
the tertiary layer have been loosened 
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Striations of the outer sleeve 


Fig. 8. 


ever, after basic and acidic chemical dissecting agents 
are applied, striations develop in the transverse direc- 
tion. Continued application of the dissecting agents 
discloses that the sleeve is actually composed of cellu- 
losic filaments called fibrils (78, 19) which are wrapped 
around the inner concentric sleeves at approximately 
90° to the longitudinal axis of the fiber as in Fig. 8. 
Further evidence of its fibrillar structure is indicated 
when the outer sleeve is removed and slightly stretched 
as shown in Fig. 9. 


Fig. 9. Outer sleeve of fiber removed and slightly 
stretched 


The outersleeve helps to retain the shape of the 
fiber by restraining swelling transversely beyond the 
water-soaked -condition. This function is disclosed 
by a beadlike appearance of fibers treated with alkali 
agents that dissolve the outer sleeve from restricted 
areas and allow bending of inner sleeves alternately 
with the restrictions where the outer sleeve is intact 
as in Fig. 10. By rupturing a constriction mechani- 
cally, the two adjoining beads form one large bead as 
shown in Fig. 10. 

Ritter has demonstrated that mechanical abrasion 
of fibers produces a vulnerable point of attack for 
chemical reagents. He subjected short segments of 
delignified wood fibers to the action of 10.0% aqueous 
sodium hydroxide solution. The reagent began solu- 
bilizing the outer sleeve at the cut ends of the segment 
and progressed slowly toward a point intermediate to 
the two extremities. Before the solubilizing effects 
from the two ends met, the reaction was arrested. The 
resulting fiber segments with their broom-shaped ends 
resemble a bundle of grain as in Fig. 11. It discloses 
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Fig. 10. Beading effect of wood fibers 


the catalyzing effect of mechanical abrasion, the 
restraining action of the outer sleeve to transvere 
swelling of the fibers, and the extreme transverse 
swelling property of the inner sleeve. 

Other causes for the beading of fibers have been 
published. Trogus (25) explains the development of 


crosswise striations and beading on the basis that the 


outer sleeve is a homogeneous sheath. It ruptures 
when drastic swelling agents are applied to the fiber, 
thus allowing the inner layers of the fiber wall to 
balloon through the breaks. The swelling pressure so 
exerted slides the outer sleeve endwise and forms cross- 
wise folds. His explanation appears plausible except 
for the fact that 1t does not account for the possibility 
of unwinding of the outer sleeve as demonstrated in 
Fig. 9. 


Skin Substance 


Ludtke explains the crosswise constrictions and 
beading of fibers by referring to a material, which he 
calls skin substance, of unknown composition. His 
theory is that the wood fiber is divided into cross 


Fig. 11. 


Short segments of fibers from which outer sleeve 
has been partially removed 


Vol, 32, No.1 January 1949 - TAPPE 


sections or segments by double cross walls of the 
skin substances at intervals of 40 to 60 microns. The 
segments are also sheathed over the outside and jnside 
lateral walls with the skin substance, which is erown 
to one of the cross walls at each end of the segment, 
thereby sealing off the cylindrical segment from the 
two adjoining endwise segments. Thus, when the 
delignified fibers expand transversely on being sub- 
jected to drastic swelling agents, the cross walls 
restrain transverse expansion, whereas the thin skin 
substance covering the: segment between the cross 
walls fails to restrain the transverse swelling pressure 
that produces the formation of beads. 

Ludtke postulates further presence of the skin sub- 
stance. Not only is each fiber segment coated inside 
and outside and endwise with skin substance, but 
each concentric cylindrical sleeve of the fiber segments 
is likewise coated inside and outside with the skin 
substance and, still further, the skin substance forms 
the housing for encasing each of two tiny substruc- 
tural units of the cylindrical sleeves. Ludtke refers 
to the larger of the two substructures as fibrils which 
are 40 to 60 microns long, being limited by the dis- 
tance between the cross walls. The smaller of the 
substructures he designates dermatosomes; they are 
dustlike in dimensions. 

If one were to probe, according to Ludtke’s theory, 
(12) from the outer surface of a fiber into a dermato- 
some to reach pure cellulose, it would be necessary to 
pierce the skin substance covering the outside of the 
fiber, the skin-substance covering of the sleeve, the 
skin-substance covering of the fibrils, and finally that 
of the dermatosome. He states that skin substance 
is dificult material to remove in the chemical refine- 
ment of cellulose. During oxidative chemical refine- 
ment of cellulose, the reactive groups of the skin sub- 
stance are converted to carboxyls. He then assumes 
the molecular weight of the oxidized skin substance to 
be 200. Titration of the carboxyl content of the mate- 
rial indicates that the skin substance is equivalent to 
approximately 3.0% of the wood fiber. This value 
approximates the percentage of polyuronide carbo- 
hydrate, a material of which the sixth carbon of a 
hexose anhydride is carboxylated. Ludtke’s idea, 
then, regarding fibrils differs from that of Ritter, in 
that he contends that the fibrils range from 40 to 60 
microns in length (the distance between cross walls 
of the fibers), are coated with skin substance, and are 
composed of dermatosomes as building units. Ritter, 
on the other hand, believes fibrils are unlimited by 


Fig. 12. Fibril teased away from fiber segment 
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Fig. 13. Fibrils loosened in the inner sleeves of fibers 


cross walls since they have been isolated in lengths of 
230 microns as shown in Fig. 12; they are surrounded 
by hemicelluloses and are composed of fusiforms which 
are slender spindle-shaped doubly refractive structures. 


Orientation of Fibrils and Their Substructures 


Mention has been made that the fibrillar arrange-’ 
ment in the outer sleeve is approximately 90° to the 
longitudinal axis of the fiber and that of the inner or 
tertiary sleeve adjacent to the fiber cavity is approxi- 
mately 80° to the long fiber axis. However, in contrast, 
fibrils of the imtermediate sleeves of the secondary 
fiber wall are oriented more nearly parallel, 5 to 30° 
to the longitudinal fiber axis as shown in Fig. 13. Also, 
the fusiforms are oriented, in general, parallel with the 
long axis of the fibrils, as may be demonstrated by 
means of a polarizing microscope. They are aligned 
with a slight overlapping of their pointed ends to form 
the fibrils and are doubly refractive to light between 
crossed nicol prisms. 

Fusiforms were divided by means of strong phos- 
phoric acid into still smaller structures named spherical 
units (19). From the sharp angles of minimum and 
maximum luminosity of the fusiform, their substruc- 
tures should manifest parallelism in crystalline ar- 
rangement. However, the isolated spherical substruc- 
tures of the fusiforms were uniformly luminous in all 
positions between crossed nicols, indicating a random 
arrangement of their crystalline structure. The disar- 
rangement from parallelism to randomism in the 
crystalline structure of the new substructural units 
would result during their isolation in phosphoric acid 
which is a strong swelling agent. 

A means has been developed during the last year 
by which it is possible to disperse the fusiforms into 
tiny oblong substructures without the transformation 
to speroidal units. The disclosure of the procedure 
involves microscopical observations of different stages 
of the acetylation of cellulose fibers and the dispersion 
of the acetylated product in the-esterifying medium 
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Fig. 14. Cross section of delignified fibers swollen in 
dilute alkali 


whereby the fusiforms are transformed into oblong 
substructures before complete dispersion occurs. 

The fibrils in the outer sleeve of delignified fibers 
appear to influence tremendously the type of deforma- 
tion manifested by cross sections of delignified fibers 
when swollen beyond their water-soaked volume. It 
appears that the fibrils resist stretching beyond their 
water-soaked length. As a consequence the angular 
cross sections assume a circular shape when alkali is 
.used as the swelling agent as in Fig. 14. If the outer 
wrapping withstands the swelling pressure the cell 
wall is forced inward, thereby closing the lumen, in 
which case any restraining action that might be ex- 
erted by the tertiary sleeves is overcome. On the 
other hand, if the restraining action to swelling toward 
the periphery were absent, the swelling action would 
proceed outward and the lumen would increase in 
cross-sectioned area. 


FORMATION OF CRYSTALLINE 
STRUCTURE OF FIBERS 


Some work (20) has been done on the rate of 
development of the crystalline structure of wood fibers. 
Extreme difficulties are encountered in developing a 
method for accomplishing the objective. One is devis- 
ing means for selecting and isolating fibers of known 
age for the test specimen from a living tree, and 
another is to develop a method for determining which 
fibers have fully developed crystalline structure. 

The procedure which was used for selecting fiber 
specimens is based on the alignment of fibers in soft- 
woods. As new fibers develop they form successive 
concentric layers of wood and thereby increase the 
diameters of the tree. 

If a small cross section of softwood on which the 
bark is intact is examined with the aid of a microscope, 
it will be noted that the tracheids are arranged in rows 
in two directions at approximately right angles to one 
another. In one direction the rows approximately 
parallel the cambium and in the other, the wood rays. 
In small cross sections in which the tracheids are prop- 
erly aligned in the two directions, it seems reasonable 
to assume that the tracheids in a given row paralleling 
the cambium are of the same age; and the age of the 
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tracheid increases in she consecutive rows from the 
cambium toward the pith of the tree. 

Cubical blocks 0.5 inch on edge with the bark intact 
were removed daily for several months from the trunk 
of a white fir tree 12 inches in diameter. With the 
aid of a microscope the number of cell rows between 
the cambium and the preceding year’s summerwood 
was estimated on cross sections cut from the series of 
blocks. In this manner the ages of the tracheids rows 
were determined from the time the first block was 
removed. Next the radial width of the tracheids in 
the various rows was measured. Then, by means of 
a microtome, tangential sections of the proper thick- 
ness were cut from a block beginning in the bark and 
proceeding consecutively through the cambium and 
into the xylem. In this manner, consecutive sections 
of tracheids, 1, 2, 3, 4, etc., days old were prepared. 

The rate of crystal formation was determined by 
x ray diffraction technique. The tracheids in the 
sections 1 to 4 days old produced a diffuse ring pat- 
tern; those 10 to 12 days old gave a preferred orien- 
tation with intensity maxima which were identical 
with those produced by older tracheids. 


CRYSTALLINE ARRANGEMENT IN 
RAY CELLS AND FIBERS 


The crystalline arrangement in the ray cells differs 
from that in the fibers of basswood according to 
microscopical examinations of the two types of cells 
in polarized light (21). The significance of this dif- 
ference lies in the fact that if the difference 1s found to 
exist in other species, it will require a modification of 
the present explanation for the directional shrinking 
and swelling of wood. 

The predominant crystal arrangement of wood fibers 
as obtained from x ray data (4) is located in the 
secondary cell wall and is, on the average, approxi- 
mately lengthwise to the long fiber axis. At the time 
this work was done, no data had been published on a 
subordinate crystal arrangement that occurs in the 
thin outer layer of the secondary wall. Microscopical 
measurements have proved that swelling caused by 
the adsorption of water manifests itself almost en- 
tirely in the crosswise direction of isolated fibers (22, 
8). No previously published results were available 
on the crystalline arrangement or the swelling prop- 
erties of ray cells. Accordingly, the crystal arrange- 
ment and the swelling properties of the ray cells from 
basswood holocellulose were determined in order to 
compare them with the corresponding properties of the 
fibers. Briefly, the results showed that the crystallites 
are arranged crosswise in the ray cells, which is longi- 
tudinally in the tree and parallel with the crystallites 
in the fibers. Thus the ray cells should swell in their 
lengthwise direction which is the radial direction in 
the tree. Accordingly, the conventional statement 
that ray cells do not swell lengthwise and therefore 
tend to withhold wood from swelling in the radial 
direction is incorrect. 

Confirmation that ray cells swell in the radial direc- 
tion of wood was demonstrated by microscopical 
measurements of the cells in their oven-dry and water- 
soaked condition, which showed 3 to 4% swelling from 
the oven-dry condition (21). 
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Still further evidence that ray cells will swell in the 

radial direction of the wood is furnished by x ray 
data (6) revealing that their cellulose crystallites are 
arranged in the general crosswise direction of the 
ray cells. 
So far, then, data obtained by means of the polariz- 
ing microscope and the x ray-diffraction technique 
indicate that ray cells would ‘shrink and swell longi- 
tudinally during the sorption of waters; and swelling 
measurements made on isolated ray cells in their oven- 
dry and their water-soaked condition show that they 
do swell longitudinally. Therefore, the statement that 
ray cells like fibers do not swell longitudinally, which 
is based on analogy only, is in error. 

To submit experimental data for disproving a long- 
standing conventional explanation for the differential 
shrinking and swelling of wood, which is based on 
analogy, is going halfway only in righting the error. 
Scientific etiquette requires, if possible, the submis- 
sion of an acceptable fundamental explanation. 

It appears that the microstructure of the ray cells 
in conjunction with that of the radial wall of the 
fibers differs from the microstructure of the tangential 
walls of the fibers sufficiently to warrant a satisfactory 
explanation on that basis. 

Mention has been made previously that ray cells 
which had been measured swelled longitudinally 3 to 
4%. They swelled less than the tangential walls of 
fibers because of being abundantly pitted, which pro- 
duces random crystallite arrangement about the pits. 
This in turn reduces maximum sweiling in the general 
longitudinal ray-cell direction or radial direction of 
the tree. On the other hand, ray cells manifest maxi- 
mum tangential swelling and in addition, the tangen- 
tial walls of tracheids are pitless and consequently 
they also manifest maximum tangential swelling. 

The radial walls of the tracheids are perforated 
copiously with pits about which the crystallite arrange- 
ment is ringlike which reduces maximum radial swell- 
ing but which manifests maximum swelling tangenti- 
ally. Thus the ray cells and the radial walls of the 
tracheids manifest reduced radial but maximum tan- 
gential swelling. Accordingly, the radial swelling of 
wood is less than the tangential because of the propor- 

tion of randomly: arranged crystallite microstructure 
in the ray cells and the radial walls of the fibers which 
reduces maximum radial swelling, whereas all the wood 
substance in ray cells, radial fiber walls, and tangential 
fiber walls manifests maximum tangential swelling. 
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Recetvep Oct., 1948. Presented at the meeting of the Fundamental Research 


Committee of the Technical Association of the Pulp and Paper Industry 
held at Madison, Wis., Aug. 18-20, 1948. : 


DISCUSSION 


G. J. Rirrer: The first point is the relation of struc- 
ture to pulping processes. In what way is the struc- 
ture of wood of value in developing a process of making 
pulp? Does the porous nature of the wood, the pits, 
etc., the different arrangement of fibers, have anything 
to do with pulping wood—e.g., in the penetration of 
the liquor into the wood? 

Sipney L. Scuwartz: Before the fibers can be re- 
leased the pulping liquor must enter the cell wall to 
attack the cementing material. With a block of wood 
it would be difficult to get liquor into the cell walls; 
consequently, the wood is chipped to a size which is 
readily penetrated by the liquor. 

Mere A. Heatu: You spoke of the difference in 
swelling of softwoods in different directions. How 
do the hardwoods behave? Do you get the same 
difference in the tangential direction and the radial 
direction? 

Dr. Rirrer: That is general. The radial direction 
is less than the tangential. 

Dr. Heatu: Do you think the pit structure explains 
it in both cases? 

Dr. Rirrer: That does enter into the matter, all 
right, except that pits do not appear as plentiful in 
hardwoods nor are they as large as the pits in soft- 
woods, but the ray cells are full of pits, in the same 
way. The swelling of the radial wall of the fiber does 
not necessarily have to be exactly the same as the 
swelling of the radial wall of the ray cells. Perhaps 
no two fibers swell exactly the same in the tangential 
direction. This has been done: take a very thin sec- 
tion of wood in which you have ray cells on one side 
and no ray cells on the other. There you would have 
the radial wall of the fiber on one side and the radial 
wall of the ray cell on the other side. They contact 
one another at the interface. Mr. Thiemann (who 
used to be at the Forest Products Laboratory) pre- 
pared some such sections, oven dried them, and then 
water soaked them; he found that they did not swell 
exactly the same on the two sides. He found some 
instances where the radial wall of the fibers swelled a 
little more than the ray cell side. There was a little 
coping. toward the ray cell side of the section. Mr. 
Thiemann drew a circle, using the are of the curved 
specimen, and found the ray cell side was 3/100 7% less 
than the fiber side. 

Dr. Kerr: In coniferous wood, what is the differen- 
tial swelling in percentage? 

Dr. Rirrer: In the radial direction, we will say it 
is 3.5 to 4% and in the tangential direction, 7 to 8%. 
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It is about twice as great in the tangential as in the 
radial. 

Dr. Kerr: Do the hardwoods show less differential 
swelling than the conifers? 

Dr. Rirrer: I cannot tell that exactly. 

L. V. Forman: One comment about this first ques- 
tion might stimulate discussion or at least thinking. 
The question has been asked: “What influence does 
wood structure have on pulping processes?” I think 
an analysis of the problem shows that it has a tre- 
mendous influence. To stimulate some thought along 
that line I would suggest the concept that all the 
chemical processes of pulping are really semichemical 
processes because we break the wood down into chips 
first and then apply the chemical. The manner in 
which we do this affects the results. The manner in 
which we do the chipping, whether with sharp or dull 
knives, etc., has some influence on at least some of 
the processes. Incidentally, one of the big features of 
the influence of the structure of wood pulping processes 
probably has to do with the question of penetration. 
This is assuming more and more importance because 
we are seeking higher speeds in our processes. We 
want to do the job at higher temperatures, higher 
pressures, and by means of a more complex operation. 
Some of the limiting factors are definitely found in 
the wood structure that we are trying to cook. But, 
if we carry out the penetration phase properly and 
cook according to some of the new semichemical proc- 
esses, the fact remains that we are fighting the effect 
of the original structure. We have to defiber the chips 
and destroy the. original structure before we produce 
something from which we can make a sheet of paper. 
Therefore, I think an analysis of the problem shows 
there are many ways in which the original structure 
affects the pulping processes. 

Dr. Rirrer: Suppose you have dense wood. You 
might take maple and aspen. Does the difference in 
porosity help in any way in impregnating the chip 
with the pulping lhquor? 

Dr. Forman: I am not prepared to answer that 
question by means of specific data but I think it is 
safe to say that is true. 

Dr. Rirrer: Is there anyone who has some data on 
that? 

D. O. Apams: In the pulping of oakwood, for 
example, which Dr. Ritter spoke of as being a very 
dense wood, the wood appears to cook rather easily. 
Oak is a ring-porous wood with large vessel segments 
concentrated at the springwood portion of the annual 
ring; I wonder if those vessel segments do not act as 
feeders for getting the liquor into the wood in the first 
place. The spaces between those very highly porous 
areas may be quite dense. Oak seems to pulp fully 
as easily as some other woods, poplar for example, and 
yet poplar is a fairly open structure material, whereas 
at least portions of the oak are very dense. 

Dr. Forman: Wood density, as normally expressed, 
is not necessarily a good criterion of the rate of pene- 
tration which depends frequently on the actual detailed 
structure of the wood; the latter is probably more 
important in terms of processes than is the treatment 
of the over-all density.. 


W. A. Sisson: You show that cells tend to separate 
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more easily in the radial direction. Is that taken 
advantage of in making chips, so that they will sepa- 
rate more easily? 

H. W. Rowe: Normal chipping appears to be a 
combination of tangential and cross-section cutting; 
if this is so, is there any better way of preparing the 
wood for pulping? I understand that one pulp mill 
has studied the effect of erushing chips on its properties 
after pulping; in sulphite cooking they found a con- 
siderable degradation in the pulp strength but not in 
the kraft process. Can that be explained by the 
morphological structure of the wood? 

A. T. Watton: On the West Coast they found that 
extremely large chippers tend to crush and will de- 
crease the strength of the paper to some extent. We 
do a considerable amount of chemical pulping in our 
refiners. I would like to know the difference in the 
microstructure of the wood as it increases in age, par- 
ticularly the difference between young second-growth 
material and the 600-year-old material which we find 
in the Douglas fir region, and what effect such differ- 
ences might have upon the properties of the pulp pro- 
duced by purely chemical means from the wood. 

Dr. Rrrrer: You will have more extractives in the 
old heartwoods. 

Dr. Kerr: The structure of the wood fibers change 
since the cambium cells which give rise to the fibers 
increase in size as the tree becomes older, and the 
cambial cells enlarge both in length and in diameter. 
There is a marked change for approximately 60 years, 
and a slower change indefinitely. In a thousand-year- 
old sequoia, there are tracheids approximately 10 ml. 
long. 

Harotp Tarkow: Dr. Ritter, as to the adhesion 
between cells in delignified wood, what evidence is 
there that the bond is chemical and not mechanical? 

Dr. Rirrer: Some available evidence indicates that 
the bond is chemical. For example, in holocellulose 
(which is carbohydrate in composition), the lignified 
cells adhere tenaciously. They can be separated with 
dilute alkali which dissolves the hemicelluloses. 

Mr. Tarxow: I believe it is Harlow who contends 
that proof is still lacking that there is intercellular 
bonding material other than lignin. 

Mr. Watton: There is evidence upon which this is 
based: wood is more easily disintegrated at elevated 
temperatures in the presence of water; this would in- 
dicate that a part of the bond holding the fibers 
together is mechanical in nature, and that such a bond 
tends to soften at the higher temperature. 

Dr. Rirrer: Let us now consider the purification 
of pulps for high-grade paper. What is there about 
the fibrous structure that is related to the purification 
process? By purification I understand you méan 
treating it in some chemical way. 

M. N. Frxeman: In your talk you mentioned that 
it was possible to treat the fibers in a very mild man- 
ner and dissect them chemically but that, in-some other 
procedures, the method used actually destroyed a good 
deal of the alpha-cellulose. Suppose you wanted to 
remove the hemicelluloses: would the procedure be too 
severe and cause too much damage to the alpha- 
cellulose; what procedure would you recommend? 

Dr. Rrrrer: In the first part of your question you 
mentioned the removal of some of the hemicelluloses. 
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In the first place, you want to remove all of them. 
If you do that, you will have an alpha-cellulose which 
will be close to 50% of the wood. If the refining 
procedure is done carefully and you are sure that you 
have a solvent that will only remove the hemicellu- 
loses, you can obtain a high yield. We can obtain a 
50% alpha yield, but whether that alpha would con- 
tain impurities that might interfere with the prepara- 
tion of cellulose acetate, cellulose nitrate, or ethyl- 
cellulose is another question. The alpha that is used 
for making a viscose pulp does not have to be as care- 
fully prepared as one for making cellulose acetate. In 
making cellulose acetate from wood pulp, extreme care 
must be taken. In most cases, trouble will be experl- 
enced in obtaining a haze-free dispersed cellulose ace- 
tate. One way to find out whether the dispersion is 
clear is to acetylate in a medium that will dissolve the 
cellulose acetate. You can find out the nature of the 
haze by following the acetylation under the micro- 
scope. Sometimes you find a small residue of the 
fiber. The more of these residues present, the hazier 
the solution will be. What trouble do they cause? 
Well, you cannot get a clear film for one thing. It is 
troublesome material to filter. 

Dr. Kerr: You mean it is due to the extractive? 

Dr. Rirrer: No, you will have small bits of undis- 
solved fiber left. 

A. P. Yunpt: Concerning the haze, I have made 
both the nitrate and acetate of xylan. I was unable to 
dissolve them in any of the available solvents. They 
would swell in some solvents, but they would not 
dissolve. 

Coming back to the alpha pulps, I think that some- 
thing that is very often overlooked should be empha- 
sized here. When the enzymes lay down the fiber 
structure, they are not absolutely specific in respect 
to the position within the fiber. As a result, there is 
some cellulose laid down within the basic structure 
that includes most of the hemicelluloses and perhaps 
even some in the lignin. The net result is a semi- 
permeable membrane, similar to that used in osmotic 
pressure equipment. Since the hemicelluloses, to some 
extent, are laid down inside this semipermeable mem- 
brane formed by the insoluble cellulose, they will be 
difficult to remove. It is necessary to swell the cellu- 
lose membrane structure by high concentrations of 
alkali and to allow long diffusion times if a high per- 
centage of the hemicelluloses is to be dissolved out. 
The same is true in delignification problems. It is 
necessary to degrade the lignin and get small lignin 
molecules in order to completely remove the lignin if 
we consider that the hemicelluloses and the cellulose 
are to be untouched, because they form a membrane 
through which this lignin must be diffused. 

Dr. Rrrrer: You made some good statements. Even 
though you dissolve certain constituents, we have to 
remove them, and most of us are in too much of a 
hurry in the purification of our product. I have heard 
the boys say: “I washed it six times and it is not acid 
or alkaline.” That does not mean anything. It takes 
a lot of soaking, steeping, and washing to diffuse the 
dissolved material through the cell wall to the outside 
where it can be washed away. The bottleneck is to 
diffuse the material out of the cell wall where a large 
amount of water can carry it away. 
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H. Marx: In connection with wood structure and 
highly refined pulps, I would like to ask About these 
skins. In connection with the haze of cellulose ace- 
tate and cellulose nitrate and with filtration difficulties 
of other cellulose solutions, what are these materials 
chemically? Has one ever had enough material of 
these wrappers to determine whether they are cellulose 
or some other carbohydrate? -Do we know anything 
about that? 

Dr. Rirrer: To my knowledge that information does 
not exist. There might be unpublished data. That 
is the reason we have an open discussion of this kind. 
When one prepares a review, he can use only published 
data. 

H. F. Lewis: An article published ten years ago by 
Brauns and Lewis dealt with the composition of the 
residue remaining after the treatment of pulp fibers 
with cuprammonium solution. In this study we 
treated several puips with cuprammonium solution and 
separated the insoluble residues, following this sepa- 
ration with washing, retreatment with a swelling agent, 
and washing until we were sure no further solution of 
cellulose was taking place. Two particular pulps were 
of interest—the first, a conventional western hemlock 
bleached sulphite pulp, the other a highly purified 
alpha-cellulose sent to us by the Cellulose Research 
Corporation. From these we obtained two entirely 
different results. 

The first pulp was a western hemlock sulphite from 
which the medullary rays and other short-fibered 
material had been removed by fractionation. It con- 
tained 85.3% alpha-cellulose, 98.2% Cross and Bevan 
cellulose, 3.8% pentosans, and 1.9% lignin; the copper 
number was 2.05 and the viscosity 40 by the TAPPI 
method. This pulp was treated in accordance with 
the directions in the article and yielded approximately 
1.4% of residue on the basis of the ovendry pulp. 
When slightly moist, the residue was grayish blue, 
which changed to a light blue on drying overnight. 
The preparations contained copper and, on analysis, 
was shown to contain about 30% (as copper oxide). 
The copper appeared to be present in some form of 
chemical combination. The copper-containing residue 
was washed with ammonium hydroxide and water and 
acidified with acetic acid or dilute hydrochloric acid, 
which hydrolyzed it, giving a grayish precipitate and 
a greenish-blue solution. The precipitate was removed 
by centrifuging and the clear solution dialyzed against 
distilled water. As dialysis proceeded, the solution set 
to a solid gel which, on standing, lost water. After 
copper was no longer detected in the outside water 
and the contents of the dialyzing bag were neutral, 
the gelatinous material was precipitated by pouring 
into absolute alcohol. The product separated as a 
white powder which was washed with an organic sol- 
vent and dried in a desiccator over sulphuric acid and 
sodium hydroxide. The material thus obtained still 
contained about 0.46% ash because of some copper 
adsorbed by the gel. The analysis of the preparations 
thus obtained gave a mean value for carbon of 44.2% 
and for hydrogen of 6.25%. The respective figures for 
cellulose are: carbon, 44.44% and hydrogen, 6.17%. 
Tests for uronic acid and methoxyl were negative. 
The white powder was difficultly soluble in water and 
insoluble in alcohol, pyridine, and acetic acid. On 
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hydrolysis with fuming hydrochloric acid, the product 
dissolved to give a clear solution colored a faint blue 
by the trace of copper. This was removed as a sul- 
phide, and the colorless solution was foynd to reduce 
Fehling solution strongly. A quantitative estimation 
of the reducing sugars in this solution indicates a yield 
of 97% (calculated as glucose and based on the weight 
of the original solid). The qualitative micro test for 
mannose and the fermentation test for galactose on 
the hydrolysate indicated the presence of these sugars. 
Less than half of the material was fermentable. The 
actual calculation pointed to the presence of 45% 
fermentable sugars. The micro-pentosan determina- 
tion by the dinitrophenylhydrazine method revealed 
the absence of pentosans. The original blue copper 
compound changed its characteristics on drying, and 
it was not decomposed by dilute acid to form the 
solution from which the gel separated. A gray gelati- 
nous precipitate was obtained rather which, on dry- 
ing, yielded a horny product containing 45.16% carbon 
and 6.3% hydrogen. This product contained about 
1% methoxyl. On hydrolysis with strong hydrochloric 
acid, a ligninlike precipitate was obtained and a fil- 
trate which strongly reduced Fehling solution. 

The second pulp was a highly purified spruce wood 
pulp containing 99.1% alpha-cellulose, 0.7% pento- 
sans, 0.077% ash, and had a copper number of 0.049 
and a viscosity of 32 centipoises. The pulp, when 
beaten in a Valley beater, neither lost freeness nor did 
the stock hydrate. The handsheets were weak and 
belied the high viscosity of the pulp. This pulp was 
treated with cuprammonium solution, and the various 
concentric cylinders of cellulose in the fiber with sec- 
ondary walls separated easily from each other as 
though the material separating these layers had been 
removed in the process of purifying the pulp. An 
extremely small amount of insoluble material was ob- 
tained, which indicated that the substance giving this 
blue copper-containing precipitate had been largely 
removed from the pulp. The first pulp, on the other 
hand, which gave this residue gave a sheet of high 
strength. I cannot say for sure that this is the insolu- 
ble material giving the haze following the acetylation 
of cellulose which Dr. Mark speaks about, but it 
may be. 

Dr. Tarxow: I do not recall the paper referred to 
by Dr. Lewis, but I should like to call attention to the 
work reported by Milton Harris. Harris found that 
the primary wall of the cotton fiber contains about 
1% of pectic material whose presence interferes with 
the normal acetylation of the primary wall. Haze is 
very common with such acetylated material. The re- 
moval of this pectic material permits the entire fiber 
to be acetylated uniformly to a product having good 
dissolving properties. Perhaps the same interfering 
material is present in wood pulps. 

Dr. Rirrer: Dr. Ludtke did some work on the 
composition of what he called skin substance. He 
oxidized this skin substance under conditions in which 
carboxyl groups were formed. When the carboxyl 
groups were determined and calculated on the basis 
of a carbohydrate which he assumed to have a molec- 
ular weight. of about 200, the content of skin substance 
amounted to about 2%. That is approximately the 
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amount of uronic acids in cellulose fibers. It would 
be quite comparable with the polyuronides, but the 
trouble with those oxidized materials and polyuronides 
is that I cannot see how they would survive through 
the treatment of making a purified pulp. 

Dr. Kurr: It is difficult to believe in the existence 
of a skin substance such as Ludtke has postulated. 
According to Ludtke’s work, the wall is built of small 
particles of cellulose,. each surrounded by skin sub- 
stance. This would mean that the cellulose 1s a dis- 
continuous phase and the skin substance a continuous 
one—essentially a “brick-and-mortar” concept. Con- 
sidering all the work that has been done on the struc- 
ture and ‘properties of natural and synthetic fibers, 
Ludtke’s hypothesis is nothing short of fantastic. _ 

Frep Oxson: I do not know whether the skin is 
responsible for the haze in cellulose or not but the 
skin can be made by drying a good acetylated pulp 
and allowing it to stand. We dry it for as long as 8 
years; since the pulp will age even on laboratory 
storage, the amount of skin material, if it is skin 
material, increases, because the haze and dopes become 
worse as the cellulose ages in the bottle. 

Dr. Rirrer: If you pulp a green wood and keep it 
wet after it is pulped and purified, the material is apt 
to acetylate more readily than one that has been 
dried; is that right? 

Mr. Orson: Yes. 

Dr. Rirrer: I want to mention something theoreti- 
cal on my part. Maybe it is partly visionary but I 
want to get your reaction. That is: why are all of the 
crystallites arranged in a vertieal direction in the 
trees? That means they are crosswise in the ray cells 
and lengthwise in the fibers. If the liquid moves in a 
vertical direction in the fiber, I am wondering whether 
that would not start a vertical movement of the proto- 
plasms in the ray cells also, because they are connected 
with the fibers through pits. If we could visualize it 
in that way, then we could account for the crystallites 
being arranged vertically in both the ray cells and the 
fibers around the pits. 

Dr. Kerr: It seems to me that this is doubtful. 

Dr. Rirrer: You don’t think this stream in the 
fibers, which is in communication with that in the ray 
cells, would tend to set up a current in the vertical 
direction? 

Dr. Kerr: The idea that the orientation of the 
fibrillar structure is determined by the direction of the 
streaming protoplasm is an old concept in botanical 
literature. I doubt the validity of this concept. In 
many woods all the elements are not oriented parallel 
to the vertical direction of the tree. In certain hard- 
woods, one finds that the orientation of the cellulose 
in the large porous vessels is approximately at right 
angles to the vertical direction of the tree. The prob- 
lem of what determines cellulose orientation in the cell 
is a difficult one. We have done a lot of work on it 
and we still do not know the answer. 

Dr. Rirrer: Does cotton have this type structure? 

Dr. Kerr: No. In cotton the cellulose of the sec- 
ondary wall is oriented in a spiral. The direction of 
the spiral reverses many times along the length of the 
fiber. This reversal of spirality of the cellulose chains 
along the length of the cell is unique in cotton. 
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New Fly Ash and Boiler Slag Uses 


L. JOHN MINNICK 


A brief description of the early work on fly ash utilization 
is given. The chief use has been in the field of concrete 
and Portland cement products. Some successful applica- 
tions as an asphalt filler have also been reported. 

Recent research developments are presented with par- 
ticular emphasis being placed on the utilization of fly ash 
and boiler slag in producing ceramic bricks. Recent work 
in the concrete and asphalt fields is also discussed and 
brief mention is given of other types of investigations 
which are under way: 


DurING recent years there has been a consid- 
erable increase in the amount of fly ash and _ boiler 
slag produced in this country. The installation of 
many new power units as well as the general wide- 
spread use of pulverized coal as a fuel is responsible 
for this upward trend. The disposal of these mate- 
rials is becoming increasingly more difficult due to 
limited available space resulting in many instances 
in serious economic problems. There is a good deal 
of interest, therefore, in the possibility of finding new 
commercial outlets for these materials. 

The purpose of this paper is to outline some of the 
interesting possibilities for the use of fly ash and 
boiler slag and to discuss briefly two of these develop- 
ments, namely, the use of fly ash and boiler slag in 
ceramic products and the extended use of these mate- 
rials in Portland cement compositions. These two 
fields offer two immediate outlets where very large 
tonnages of the materials may be used. 

As a result of numerous activities over the past 25 
years there is today a substantial amount of fly ash 
being used for commercial purposes. For example, 
it is being used in ready mixed concrete, concrete 
pipe, Portland cement grouting mixtures, and in bi- 
tuminous compositions. The continued use of fly ash 
is definitely assured, although the amount of material 
that is being consumed at the present time is a rela- 
tively small portion of the total amount being pro- 
duced. 

Until very recent years, there has been relatively 
little activity in connection with the utilization of 
boiler slag. Since this material is also produced in 
large amounts, it is of nearly equal importance to fly 
ash and also represents a difficult disposal problem. 
It is evident that the producers of fly ash and boiler 
slag must continue to apply considerable effort to the 
research studies on utilization of these byproduct ma- 
terials. Many new fields must be explored and some 
of the discarded possibilities must be re-examined and 
studied to determine what might be done to overcome 
the objections and difficulties that were previously 
encountered. 

In order to expedite the commercial use of these 
products, the Philadelphia Electric Company and G. 
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& W. H. Corson, Inc., at Plymouth Meeting, Pa., 
several years ago entered into a joint research and 
development program. More recently the Consoli- 
dated Gas Electrie Light and Power Company of 
Baltimore, Md., and the Public Service Electric & 
Gas Company of Newark, N. J., have joined in this 
research program, and several other large fly ash pro- 
ducers have also indicated their desire to do likewise. 
As a result of this concerted effort to find other uses 
for fly ash and boiler slag, a number of very promising 
outlets have been developed. The information given 
in this paper refers to some of the activities of this 
group over the last few years. 


CHARACTERISTICS OF FLY ASH AND BOILER SLAG 


A bibhography is given at the end of this paper 
covering most of the published information on fly ash. 
Included in this bibhography are several references to 
uses of fly ash other than concrete, for example the 
paper by Weinheimer covers a number of interesting 
applications for fly ash and also touches on some of 
the problems involved in the handling of this material. 

A few of these early investigators pointed out the 
differences in characteristics of various types of fly 
ash. For example, Davis in his work studied the 
effect of the carbon content on the performance of fly 
ash in concrete. Weinheimer described some of the 
characteristics of fly ‘ash and described the small 
spherelike phase that 1s usually present. 

A number of studies in the Corson laboratory have 
shown that fly ash has widely different properties de- 
pending on the source of the material. Samples of 
fly ash from all parts of the world have been examined 
and it is evident that in addition to chemical compo- 
sition (Table I) the physical properties of this mate- 
rial are quite varied. In fact, there are materials 
which are referred to as “fly ash,” obtained from coal 
burning operations which differ quite markedly from 
the products produced by the combustion of powdered 
fuel. The materials referred to in this paper are 
formed in powdered fuel burning operations only and 


Table I. Analysis of Fly Ash 


Philadelphia Newark Chester 
SiO. 40.32% 45.42% 34.98% 
FeO; 13.39 11.54 13.79 
FeO 3.95 3.74 4.96 
Al,Os 32.92 29.62 27.05 
CaO 2.34 1.93 2.85 
MeO 0.74 0.94 0.82 
Carbon 5.79 4.81 14.84 
Specific gravity 2.46 2.53 2.41 


Sieve Analysis 


_ Philadelphia Newark Chester 

On 60-mesh 2.0% 1.5% 1.0% 
Through 60 on 100 8.0 3.0 5.0 
Through 100 on 200 11.0 11.0 25.0 
Through 200 79.0 84.5 69.0 
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Fig. 1. 


Philadelphia, Pennsylvania, fly ash— x50 


are collected by carefully controlled systems such as 
the Cottrell precipitator, American Blower Company 
dust collectors, and the like. Figures 1, 2, and 3 
show photomicrographs of different samples of fly ash. 

The Philadelphia material (Fig. 1) is a very useful 
product which performs well in Portland cement and 
other compositions and is perhaps typical of much 
of the material available in this country. It is com- 
posed of three different phases. The first, a white-ash- 
like phase consists of very finely divided particles, 
being of the order of a few microns in diameter. The 
second phase is a red material which is evidently high 
in iron and also consists of very finely divided parti- 
cles. The third phase is black and represents the 
material that contains residual carbon either as a 
complete carbon particle or as a small particle of ash 
which is coated with a carbon layer. The average 
particle size of this material is somewhat larger than 
that of the other two phases. These three phases are 
usually found in about equal amounts in many of the 
fly ash materials studied. ; 

The samples of Chester and Paris materials (Figs. 
2 and 3) show considerable difference from that of the 
Philadelphia product, reflecting a difference both in 
the method of burning and the method of collection. 
These materials are high in carbon content and, as 
is usually found for fly ash containing appreciable 


Fig. 2. Chester, Pennsylvania, fly ash—<50 
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Paris, France, fly ash— X50 


Figeas 


amounts of carbon, are somewhat coarser in average 
particle size. Most of the carbon is found in the large 
size fraction of these products. Thus by screening 
Chester fly ash on a 200-mesh sieve the major por- 
tion of the carbon can be removed. 

Interspersed in the fly ash samples are small hollow 
spheres which have been reported frequently by other 
investigators. The amount of spheres found is ex- 
tremely variable. In some materials (for example, 
Chicago material), the amount of spheres is very much 
greater than that found in other products (New York 
and Philadelphia materials). 

In addition to the physical characteristics of fly ash, 
there are several important chemical properties that 
should be noted. First, and of considerable impor- 
tance, is the pozzuolanic activity of fly ash when com- 
bined with Portland cement. There is some evidence 
that high carbon content material does not possess as 
high a pozzuolanic reactivity as that found in low 
carbon content materials. Secondly, fly ash possesses 
varying amounts of soluble salts such as sulphates, 
alkahes, and the like. These salts in certain cases act 
chemically on other components of the compositions 
in which the fly ash is being used and in some instances 
serve as a source of efflorescence in concrete and struc- 
tural masonry units. Another characteristic of fly 
ash is its somewhat variable pH. Some of the mate- 
rial is found to be acidic and other material is found 
to be basic. This property is important for many 
filler applications where pH control is required. 

A further important characteristic of fly ash is the 
glasseous nature of its composition. Studies in the 
petrographic microscope and x-ray diffraction equip- 
ment clearly show that nearly all of the fly ash is 
present as a high melting glass highly stained with 
iron. The iron content is present both as ferrous and 
ferric iron, the ferrous iron acting as a strong flux in 
the glass formation. The softening temperature of fly 
ash varies depending upon the sample examined but 
is usually in the neighborhood of cone 5 to cone 10 
(2156 to 2300°F.). This softening temperature has 
an important bearing on the utilization of this ma- 
terial in the ceramic field. 

Figure 4 represents three different samples of boiler 
slag obtained from three of the Philadelphia Electric 
Company stations. It is clear from this photograph 
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Chester 


Richmond 
Fig. 4 


Schuylkill 


that there is a wide difference in slag materials, per- 
haps even more than is found in fly ash products. 
Since the boiler slag is utilized in many of the same 
applications as fly ash, it is evident that complete 
knowledge of this material is also essential in the 
development of satisfactory performance of this prod- 
uct. The samples shown in the photograph are all wet 
bottom slag and represent the kind of material that 
is obtained from this method of disposal. Dry bot- 
tom boiler slags are also available in increasing quan- 
tities. The density of these materials varies between 
_about 75 and 120 pounds per cubic foot. The density 
is particularly important since many applications for 
ageregate materials of this type require low weight 
in the product. 

Chemically the boiler slag is about the same as fly 
ash with the exception that the carbon content is 
usually zero. Some variation in iron content has been 
noted, but this has not been very great. Boiler slag 
from a wet bottom operation is basically a crushed, 
high-melting black glass. 


RESEARCH DEVELOPMENTS IN THE CERAMIC FIELD 


There has been some effort during the past ten 
years to utilize fly ash in the brick industry although 
the few attempts which were made either failed or 
were abandoned. Weinheimer, who attempted to use 
fly ash in brick, drain tile, hollow tile, and flower 
pots, reported unsatisfactory results and concluded 
that fly ash could not compete with low cost clays 


Left, shale brick; right, fly ash-slag brick. 


Fig. 5 
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and that it did not have the proper properties to im- 
prove the quality of the product. Thorson and Nelles 
concluded that using as little as 4% fly ash in a brick 
caused poor results, i.e., cracking and a weak and 
brittle structure. As a result of these findings, these 
investigators abandoned the project. 

Most of the above-mentioned efforts were directed 
to the use of fly ash with clay in existing brick plants. 
The research at the Corson laboratory has been di- 
rected both to this type of utilization and to the for- 
mation of a ceramic product made entirely of fly ash 
and boiler slag. Since these two developments offer 
different problems, they are presented here separately. 


Fly Ash-Slag Brick 

Figure 5 shows a brick made from fly ash and slag 
compared with a standard shale brick, both of which 
were made in a standard brick-making machine and 
processed in exactly the same way. The fly ash-slag 
brick is outstanding fur many reasons, but perhaps the 
most important point to observe is that it so com- 
pletely resembles the shale brick in appearance that 
it is difficult to distinguish one from the other. It is 
completely possible by the proper burning of a body 
made of fly ash and boiler slag to develop a high- 
erade red vitrified product. 

As a result of the development of this brick, the 
Corson laboratory has carried on an intensive re- 
search program over the last two years and has also 
established a research fellowship at the School of Ce- 
ramics of Rutgers University. The following list indi- 
cates the scope and extent of the studies which have 
been made: 


Body composition 

Preparation of slag 

Study of methods of production of proper grain size 

Development of plasticity and moldability 

Studies of dry press characteristics 

Studies of vacuum de-airing and extrusion characteristics 

Studies of the effect of green strength increasing binders 

Studies of drying rates 

Stacking of green ware 

Vitrification studies 

Bloating studies 

Oxidation studies 

Abrasion studies 

X ray studies 

Petrographiec studies 

Materials handling 

Methods of chemical and physical control 

The effect of variation in raw material and processing on 
performance 


Most of these investigations have been completed and 
considerable information is available for a number of 
types of fly ashes and boiler slags. The range of 
composition that will produce a good brick extends 
from 80% fly ash and 20% slag to 40% fly ash and 
60% slag. The development of plasticity and mold- 
ability directly depends upon the method of preparing 
the grain size of the slag which should be kept low in 
fines, and the bulk of the material should be between 
a 10- and 20- mesh sieve. This requirement has made 
it necessary to employ special grain size preparation 
methods. 

The carbon content of the fly ash is important and 
affects the porosity of the body and also affects the fir- 
ing cycle. The percentage of fired absorption increases 
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directly with an increase in carbon content. In addi- 
tion, the problem of complete oxidation of high carbon 
ashes is quite critical and the firing cycle must be 
controlled carefully to prevent bloating of the fired 
brick. In order to facilitate the manufacture of this 
brick a small amount (approximately 1 to 2%) of a 
green-strength increasing agent is used to assure ease 
in handling while in the wet condition. 

The brick has certain features which make it de- 
sirable over conventional type materials. First, due 
to the absence of any water of hydration in the body, 
it has been found that a very rapid drying and firing 
cycle may be employed. In the case of a high carbon 
fly ash, this feature is offset somewhat since an ex- 
tended oxidation time is required, but in all cases an 
extremely fast drying time is feasible. The over-all 
volumetric shrinkage of the brick is very low, both 
during the firing and burning cycles, running usually 
around 1 to 2%. Figure 6 illustrates the difference in 
shrinkage between the fly ash—-slag brick and a stand- 
ard shale brick made in the same kiln. This feature is 
highly beneficial since it affords high precision in 
dimension which means that all of the brick in the 
kiln hold closer to the same size, preventing shrinkage, 
cracking, warpage, and distortion such as is frequently 
associated with high shrinking clays. The firing range 
for the material is very broad, much broader than is 
customarily found in clay materials usually running 
between 1750 and 1950°F. There is very little dif- 
ference in appearance between the products made at 
the different temperatures, but the brick made at the 
higher temperature shows improved strength due to 
more complete vitrification. 


Fig. 6. Three bricks on left are shale brick taken 
from different points in kiln brick on right is fly ash clay 
brick—-size is constant over entire kiln 


Fundamentally the formation of this product rep- 
resents the merging of individual grains of fly ash 
which are heated to a point where each glasseous 
envelope gradually softens. The softened glass layer 
blends in with the slag and other fly ash particles and 
on cooling forms a unified vitreous structure. The 
slag is very firmly held due to this softening action 
and there is a definite bond at the interface of the 
slag and fly ash matrix. Since the slag is very much 
larger in particle size than fly ash, it does not oxidize 
readily and therefore retains its original black color. 
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The fly ash, however, is converted to an attractive 
red coloration. The slag at the outer surface of the 
brick is oxidized sufficiently that the outward appear- 
ance of the brick is a uniform red color although in 
breaking it open the slag may be observed as a black 
eroglike component. The color of the product may be 
varied from a light reddish buff to a dark reddish 
purple. This is accomplished both by proper blending 
of the ingredients and also by subjecting the material 
to the right atmosphere in the kiln. 

In addition to the laboratory tests a varied number 
of field tests have been conducted to demonstrate the 
practicability of using this body in conventional brick 
machinery. Tests have been run at brick plants using 
down-draft periodic kilns, beehive kilns, circular kilns, 
and several with tunnel kilns. Brick have also been 
made in a flower pot kiln at 2750°F. in 35 hours, and 
in a tile kiln at 2200°F. in a 48-hour firing cycle. In 
all of these tests satisfactory brick were produced with 
no apparent problems in the manufacturing process. 
Table II gives the average properties of brick pro- 
duced from fly ash and slag and includes a typical 
set of tests for a shale brick. 

In addition to the above tests, the brick have been 
examined in a practical way and found to be very 
similar to other face brick. A wheelbarrow load may 
be dumped without breakage, individual bricks can be 
broken with a trowel by bricklayers, mortar can be 
applied in the usual way, and the material, from a 
mason’s point of view, seems identical to a first-class 
shale brick. 


Table II. Properties of Fly Ash-Slag ‘Brick Fired to 
1900°F. Compared with Standard Shale Brick 


Fly Ash-Slag Brick Shale Brick 

Compressive strength 

(p.s.i.) 6000-8000 4000-8000 
Modulus of rupture 

(p.s.1.) 1600-1800 500-2000 
Absorption 8-10% 8-12% 
Saturation coefficient 0.78 0.78—0.90. 
Color Light to dark red 
Efflorescence (Mc- 

Burney) None 
Freezing and thaw- No breakage or. loss 

ing (AS.T.M.) in weight after 50 
Weatherometer cycles 


(equivalent to 7 


No breakage or loss 
years’ exposure) 


In weight 


Various esthetic effects are possible with this product 
and it has been found that by proper temperature con- 
trol, a stippled effect may be produced on the surface 
during the firing cycle which lends itself ideally to the 
art value of the product, and helps put it in the class 
of expensive face brick. : 

On the basis of the above tests an economic study 
has been made of the possibility of constructing new 
plants for the manufacture of brick at several specific 
sites. This has required the designing and engineering 
of several types of brick manufacturing units. Studies 
are nearly completed, and on the basis of the findings 
it is apparent that the construction of brick plants 
near or adjacent to power plants is economically feas- 
ible and that a very large consumption of fly ash could 
be realized as a result of these plants. It is expected 
that in the very near future sufficient information will 
be available to actively consider construction of plants 
of this type. 1 
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In addition to the manufacture of brick, experi- 
ments have been run on producing other ceramic 
materials, for example sewer pipe, drain tile, and 
flower pots and it has been demonstrated that the same 
type of body which will work for brick products will 
do an outstanding job in these other fields. It has 
been found, however, that the ordinary type of salt 
glazing does not perform on fly ash—slag compositions 
although other types of glazes work quite well. 


Fly Ash-Clay Brick 


As mentioned previously, some efforts have been 
made to introduce fly ash into clay brick manufacture. 
In addition to the difficulties already mentioned, the 
formation of a scum on the brick product has offered 
@ serious objection to the development of this use. 
A number of field tests have been run where fly ash 
has been used to replace 25 to 50% of the clay and 
usually the fired product. shows a bad scum, chiefly 
derived, it is believed, from the drier operation. Many 
of the brick that have been made show superior prop- 
erties of a straight clay brick as far as strength and 
structure of the brick is concerned, although it is ob- 
vious that if the appearance is marred by an unsightly 
scum, the brick has no commercial value. The School 
of Ceramics, at Rutgers University, has studied this 
problem at great length and as a result of their inves- 
tigation a new de-scumming agent has been perfected 
which does an outstanding job of eliminating this 
problem when used in a fly ash—-clay brick. While the 
study of this material has not proceeded to a point 
where a detailed description of it can be made, it 1s of 
interest to point out that about a quarter of a million 
brick have been made in various plants in the Phila- 
delphia area to test out this development. These 
bricks were made in surface clay plants (with the 
exception of one case where a shale product is 
normally produced). All of these plants have a scum 
problem to begin with and tests with fly ash have 
shown aggravated scum conditions. The results with 
the de-scumming agent have eliminated the scum 
situation practically completely (Fig. 7). The prod- 
uct produced in these tests is very satisfactory -in color, 
general appearance, durability, and strength. Fly ash 
has been used in amounts up to 70% by weight of 
the finished product. 

The surface clay plants in which these tests were run 
employ standard extrusion machinery but do not util- 
ize de-airing. As a result the normal product usually 
shows the existence of structural laminations. ‘Those 
products in which fly ash was used did not show these 
laminations. Figure 8 illustrates this effect. The 
general strength of the brick is improved, therefore, 
by the use of fly ash as is the resistance to freezing 
and thawing. One further advantage found for fly ash 
is the control of shrinkage made possible by varying 
the fly ash content. Most surface clays show a 
marked shrinkage during drying and firing and this 
can be reduced. 

While there are many brick plants that have plenty 
of clay and that produce a high-grade product, there 
are also a large number of plants that are running 
out of clay or have difficulty in operating during some 
seasons of the year, or have manufacturing problems 
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Left, without descumming agent; right, with descumming agent. 


Fig. 7. Fly ash-surface clay brick 


because of inferior clay. These latter plants all offer 
splendid opportunities for potential consumption of 
fly ash. At least two plants near Philadelphia are 
planning to use this material in the near future. 


USE OF FLY ASH AND BOILER SLAG IN 
PORTLAND CEMENT COMPOSITIONS 


Fly Ash 


The use of fly ash in concrete continues to receive 
a great deal of attention in this country. Fly ash is a 
pozzuolanic material and like other pozzuolans de- 
velops considerable strength when used in conjunction 
with Portland cement although the strength is de- 
veloped rather slowly. Most of the early reports on 
the use of fly ash in concrete show the effect of the fly 
ash addition only after some time has elapsed, for 
example, six months or a year. Early strengths, for 
periods up to about 28 days, are somewhat lower for 
concrete where fly ash has been used to replace Port- 
land cement. As a result of a number of recent 
studies, it is now evident that when fly ash is used 
in larger amounts the early strength is equal to that 
of ordinary concrete and the long-term strength is 
considerably higher. This apples to periods of time 
as short as 24 hours. The basis for these results 
depends on the utilization of fly ash as a fine filler 
as well as a pozzuolanic additive. The amount of fly 
ash required to get early strength is roughly in the 


Sawed section, straight clay 


Sawed section, fly ash-surface clay 


Fig. 8 


neighborhood of 25% of the weight of the sand 
content. 

Tests with mortar mixtures show that the maximum 
strength is obtained when the Portland cement and fly 
ash content correspond to the voids existing in the 
sand. Some work has also been started with concrete 


and similar results are indicated. Thus where a bag _ 


- of cement is used with 2 volumes of sand and with 
3 or 4 volumes of coarse aggregate approximately 40 
pounds of fly ash are caleulated to be needed to fill 
up the voids not occupied by the Portland cement. 
When this amount of fly ash is used, a lower water 


requirement is necessary for each unit volume of . 


concrete and after 7 days’ aging higher strength con- 
crete is obtained. 

It is beyond the scope of this paper to include a 
great number of test data, but in order to present the 
status of the existing information up to the present 
time the following brief summary is given. 

1. All fly ash of the proper quality will benefit 
Portland cement compositions. The chief points of 
benefit are higher compressive strength, lower per- 
meability, higher durability (freezing and thawing 
resistance), greater resistance to acid waters, improved 
appearance, lower bleeding rates, and higher work- 
ability. 

2. A number of striking results have been ob- 
tained in the intergrinding of fly ash with Portland 
cement clinker. Up to 30% blends have been em- 
ployed satisfactorily. The resulting product passes 
the specifications for pozzuolanic Portland cement and 
gives strength values equivalent to high early Port- 
land cement. : : 

3. Another very striking application for fly ash is 
in lean concrete mixtures. Fly ash has been employed 
in such mixtures either as an additive or as a replace- 
ment for sand in amounts up to 20 to 30% of the 
sand with a great improvement in strength and other 
properties. 

4. Fly ash has been found to benefit rich concrete 


mixtures although not to the same extent as the leaner 


mixtures. It may also be used as an additive to the 
fine aggregate or as a replacement of sand although, 
due to the higher cement factor, the optimum per- 
centage is lower than for the leaner mixtures. 

5. Fly ash may be used to replace Portland cement 
and many of the existing data illustrate this use. 
However, this is not necessarily advocated since the 
simple addition of fly ash to a concrete mix results in 
an increased yield of concrete. Also since the perform- 
ance of concrete is important, fly ash may be used 
to give improved performance, using the same cement 
factor in the mixture. Table III illustrates the type 
of results obtained from concrete in which 100 pounds 
of fly ash is used to replace 1 bag of Portland cement 
per yard of concrete. 

6. Fly ash may be used with either normal Port- 
land cement or air-entrained Portland cement, and 
recent work indicates that Portland cement contain- 
ing both air-entraining materials and fly ash gives 
a superior concrete with unusually good strength and 
durability characteristics. 

7. The type of Portland cement product that may 
be benefited with fly ash is varied in scope and may 
be illustrated by the following examples: 
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Table III. Comparison of Flexure Tests on Concrete Beams 
vs. Compressive Strength of Concrete Cylinders 
(Fly Ash vs. No Fly Ash) * 


PROPORTIONS: 
Quantities of Materials per Cubic Yard 
Concrete with fly ash 


Ingredient Regular concrete 

Cement 564 lb. (6 bags) - 470 Ib. (5 bags) 
Fly ash ‘ None 100 lb. 
Sand (dry) 1325 lb. 1325 ullor 
Dolomite Stone 

2 in. to No. 4 

(dry) 2020 Ib. 2020 Ib. 
Total water 35 gal. 35 gal. 
Actual slump Oe 3 1n. 


Compression cylinder size—8 in. diam. by 16 in. high 
Beam size—6 in. X 6 in. X 24 in. 


RESULTS: 
———— Regular concrete Concrete with fly ash———~ 
Unit Unit 
Spec. Age, Total load, Spec. Age, Total load, 
No. days load lb. psi No. days load, lb. pst 


Compression Test of 8 X 16 in. Cylinders 


6001 7 138,000 2745 6005 7 176,000 3497 
6002 32 238,560 4742 6006 32 252,990 5029 
6003 94 290,710 5779 6007 94 266,610 5304 
6004 181 289,840 5762 6008 181 294360 5852 


Flexure Test of 6 * 6 X 24 in. Beams 


6009 7 4,970 460 6013 7 5,295 490, 
6010 28 6970 629 6014 28 6,335 587 
6011 95 6,430 595 6015 95 5,930 554 
6012 181 9,650 893 6016 181 8,150 755 


* Courtesy of H. A. Frederick, Public Service Electric and Gas Company 
iE ak ‘ 


Testing Laboratory, Maplewood, N. 


Ready-Mixed Concrete. When used with a stand- 
ard 5- or 6- bag mix, fly ash may be employed in 
amounts up to 25% of the sand with very beneficial 
results for general foundation, highway, and other 
work. 

Concrete Sewer Pipe. Addition of up to 25% fly 
ash based on the Portland cement content has been 
found to give superior pipe in respect to strength, per- 
meability, structural and surface soundness, better 
appearance, (and also increased production). 

Concrete Building Blocks. The introduction of fly 
ash fines in concrete masonry units has been found to 
give excellent results both in laboratory tests and in 
the field. 

Cinder Blocks. Introduction of fly ash into cinder 
blocks has in many instances made this type product 
a first-class masonry unit as compared with a poor 
low-strength product. The introduction of the fines 
in many of these compositions is quite beneficial. In 
cases where cinders with high percentages of fines are 
employed, large additions of fly ash cannot be used. 
Other lightweight aggregates such as Haydite and 
Waylite have also been used beneficially with fly ash— 
Portland cement products. 

Burial Vaults. Fly ash in burial vault concrete has 
been found to give better workability, less bleeding, 
higher strength, more attractive surfaces, and results 
in easier stripping of the mold from the concrete. 
Many of these vault compositions employ concrete of 
4000 to 6000 pounds per square inch compressive 
strength. 


Boiler Slag 


The use of boiler slag, particularly in the Phila- 
delphia area, as an additive for masonry units has 
been progressing very favorably and at the present 
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Table IV. Use of Fly Ash in Light Weight Block 
MIXING PROPORTIONS: 


Proportion by Weight 


. Portland Waylite Boiler Fly Fly ash 
cement slag slag ash agg. basis, % 
94 140 246 0 0 
94 140 246 38.5 10 
94 140 246 77.0 20 
94 140 246 116.0 30 
94 186 330 0 0 
94 186 330 led 10 
94 186 330 103.0 20 
94 186 330 155.0 30 
RESULTS: 
Total volume Compression 
Water Density ber batch Strength Number of blocks 
cement lb./ basis: 1 bag 7 days per bag cement 
ratio cu. ft. of cement, cu. ft. fen SUS (3 holes) 
0.76 104.0 5.04 1283 18 
0.76 104.6 5.52 1382 20 
0.86 107.5 5.83 1648 21 
0.95 108.0 6.24 1612 22). 
1.40 92.6 5 Svs 667 26 
1.40 97.9 Wao? 928 Dae 
1.50 98.2 8.12 960 28.5 
1.70 101.5 8.44 1111 30 


time there are approximately forty plants using this 
material either alone or with fly ash as part of the 


ageregate composition. Table IV illustrates the type 


of results that are obtained when fly ash and slag are 
used in a lightweight (Waylight) cinder block. Table 
. V shows the type of results obtained on a standard 
_ conerete building brick tested in accordance with 

AS.T.M. methods. This brick is made up of a com- 
position containing 1 bag of cement, 60 pounds of fly 
ash, and 240 pounds of boiler slag. No other aggre- 
gates were used. These two tables are illustrative of 
many tests that have been run. 


Specifications 


In view of the outstanding success of the use of fly 
ash and boiler slag in concrete and of the recent re- 
search developments in this field, it has become evi- 
dent that recognition of the proper use of this material 
by the various State Highway Departments, A.S.T.M. 
committees, and other similar agencies is warranted. 
With this in mind a complete compilation of the exist- 


Table V. Tests of Concrete Brick 


Submitted by: Northeast Constructors, Craig & Stanwood 


Sts., Philadelphia, Pa. 


Description : Dense, cement colored—Standard concrete 
brick dimension 
Composition: 94 Ib. Portland cement 


60 Ib. Fly ash 
240 Ib. Boiler slag 
Method of Test: A.S.T.M. Standard Method C67—44 


Results: 


A bsor ption ————_—__— 

24 hr. at b hr: Strength in 

Modulus of 70°F. % boiling compression 
rupture p.s.i. dry wt. % dry wt. C/B Ratio p.s.t. 
1 630 12.6 ied 0.712 2985 
2 880 13.1 17.4 0.753 2765 
3 805 10.7 16.0 0.670 3620 
4 845 10.1 143 0.707 4830 
5 615 1387 18.2 0.754 4270 
Ay. 755 12.04 16.72 0.719 3694 


These specimens meet the requirements of the A.S.T.M. 
Specification for Concrete Building Brick A.S.T.M. Designation 
55-37. Grade A. 

These specimens meet the compressive strength and absorp- 
tion requirements set forth in A.S.T.M. standard specification 
for Building Brick (made from clay or shale) A.S.T.M. Desig- 
nation C62—44. Grade SW. 
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ing data, both published and unpublished, has been 
prepared and submitted to several State organizations 
and also to four A.S.T.M. Committees. Active efforts 
are being made to set up specifications for fly ash in 
concrete with these various groups. 


OTHER APPLICATIONS 


A number of other applications are being investi- 
gated for possible uses of fly ash. Some of these offer 
only limited use but others may very easily result in 
large tonnage consumption. The following list is not 
complete but illustrates the type of applications that 
are being studied. 


Bituminous Paving 


The use of fly ash as a filler in bituminous pave- 
ments has been gaining ground during the last few 
years. The cities of Detroit, and Flint, Michigan, 
have used fly ash as a replacement for limestone dust 
filler with good results. Both of these cities have 
approved specification for the use of fly ash in this 
service. In addition the State of New Jersey Highway 
Department has recently approved specifications for 
fly ash as a mineral filler for use. Quite a few appli- 
cations have been made of bituminous mixtures using 
fly ash and the performance of the pavement has been 
found to be excellent. Most of the applications are at 
points where severe climatic changes are expected and 
where the pavements are subjected to heavy traffic 
conditions. A number of State Highway laboratories 
along the Eastern seaboard are participating in a pro- 
gram being conducted by the American Road Builders 
Association relative to the use of fly ash in road 
building. 

More recently tests have been carried out in the 
Philadelphia area on boiler slag as an aggregate in 
bituminous pavement mixtures. While this use has 
not yet developed to a commercial outlet stage, a 
number of test roads have been laid and performance 
of the material has been found to be quite good. In 
comparison with standard mixtures the boiler slag 
aggregate seems to hold up equally well and in fact 
was found to work somewhat easier during the appli- 
cation of the material. 


Asbestos Cement Products 


Laboratory tests show that fly ash may be used to 
replace many of the fillers now employed in this type 
of product and plant tests are under way to further 
evaluate possibilities in this field. 


Pressure Grouting 

The use of fly ash in grouting compositions is de- 
veloping as a favorable outlet and several railroads 
are beginning to use materials containing small 
amounts of fly ash. Recent tests in the laboratory 
show that considerably higher amounts of fly ash can 
be used beneficially for this application. 


Lightweight Aggregates 

There has been a good deal of activity in the 
development of lightweight aggregates from fly ash 
and boiler slag. One plant has been erected which 
uses fly ash, and it is understood that some material 
has been produced. A number of studies are also 
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under way to reduce the weight of the boiler slag. 
Methods of quenching the molten material and the 
effect of additives during the quenching period are 
being studied. 


Miscellaneous Uses 

Other important applications that are being studied 
either in the laboratory or in plant tests include fender 
undercoat compositions, sewage treatment processes, 
roofing compositions, the use of fly ash in metal polish- 
ing, the use of boiler slag in grinding compounds and 
in grinding wheels, preparation of acidproof cements, 
manufacture of rock wool, development of hydraulic 
cements and masonry cements, and the use of proc- 


essed fly ash as a filler in rubber. Several of these 


fields are already using fly ash in small amounts. 


HANDLING OF FLY ASH 


One of the large problems involved with the com- 
mercial use of fly ash is the question of how it should 
be handled. For those applications where the mate- 
rial must be used in dry condition the problem is 
particularly difficult because fly ash has a very notice- 
able ability to dust and disperse throughout the air. 
The usual unloading equipment such as conveyors and 
bucket elevators cannot easily be used since the ma- 
terial will leak through the small opening of the 
equipment, flood through the conveyors and discharge 
into the atmosphere. Supplying fly ash in paper bags 
is one way of overcoming the dusting condition, but 
the cost of the material is increased markedly. 

For those applications where dry fly ash is used in 
bulk, the prevention of leakage and flooding requires 
either very careful design of the unloading equipment 
or the installation of special unloading equipment 
which is designed specifically for a material of this 
type. The Fuller Kenyon and other air conveyors 
have been found to perform quite well. However, 
this type of unloading equipment is somewhat more 
expensive. In addition, the consumer usually has 
equipment already in position for unloading his fine 
material and is, there, somewhat reticent about in- 
stalling additional equipment. 

Certain applications of fly ash are suited to the use 
of moist material. Nearly all of the suppliers of fly 
ash have provided means for wetting down the mate- 
rial to reduce the dusting as it discharges from their 
plant. This product handles quite well in bulk and 
may be shipped in trucks and cars. It is not a satis- 
factory material, however, for bags. The wet product 
works very well in those plants where the material is 
not required to pass through too much mechanical 
equipment but where chutes, elevators, and conveyors 
are used the wet product has a tendency to stick— 
requiring the use of vibrators, air jets, and other 
devices in order to assist the flow. 

For those applications where fly ash and boiler slag 
are used together, such as in masonry building units, 
a mixture of the two materials has been found to be 
very adaptable for bulk handling. Moistened mix- 
tures of fly ash and slag can be transported readily 
and do not stick in conveying equipment. 

As mentioned previously, the information presented 
in this paper is merely indicative of the type of prob- 
lems that are being studied in this field, 
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As the months and years roll around and the infor- 
mation gradually piles up on the uses of fly ash, and 
boiler slag, it is evident that these materials will con- 
tinue to grow in popularity and that the widespread 
consumption of these products is ultimately assured. 
It is also evident, however, that much additional re- 
search work must yet be carried out and that many 
problems still remain to be solved. 
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The Use of a Roberts Grinder for Manufacturing 
Different Grades of Groundwood 


ROBERT S. MAGRUDER 


A short description of the Roberts grinder is given to 
familiarize the reader with construction features. A series 
of tests were run on commercially operating Roberts 
grinders to determine the operational characteristics for 
this type of grinder. The effect of stone surface cage, 
power input (grinding pressure), grinding temperature, 
and burrs used on the dependent variables of produc- 
tion, power consumption, fiber classification, and strength 
are discussed. The application of this information for 


the manufacture of several grades of groundwood pulp is . 


demonstrated. 


To A PLANT engineer, a pump is worth only as 
much as the operational characteristics indicate. The 
same may be applied to a grinder. To the prospective 
buyer or to the mill superintendent, the operational 
characteristics of the grinder are essential for intelli- 
gent operation. With the installation of the Roberts 
erinders at St. Regis, it was necessary to determine 
what the operational characteristics were for economi- 
cal pulping. It is the purpose of this paper, therefore, 
to present operating curves to indicate how they were 
applied for the manufacture of book pulp paper and, 
in addition, to demonstrate how the grinder might be 
operated to produce board; book, or other grades of 
groundwood pulp. . 


CONSTRUCTION OF ROBERTS GRINDER 


The distinguishing feature of a Roberts grinder is 
the massive feed ring (9 feet inside diameter) revolv- 
ing slowly in the same direction as the stone and 
located eccentric to the stone such as to form a 
“crescent-like” pocket. The tip of the crescent is at 
a point 45° forward of the vertical center line of the 
stone. There is reason to believe that little or no 
grinding takes place in the pocket above the horizontal 
center line of the stone. Therefore, the active angular 
grinding area is 135°—or when grinding 4-foot wood, 
26.5 sq. ft. 

In reality the feed ring is made up of an inner ring 
and an outer ring. 
rings, amounting to 3 inches, serves as a stock dis- 
charge. The inner ring is perforated with large holes 
through which the stock drops to reach the space 
between the two rings. Coarse teeth on the inner sur- 
face of the inner ring bite into the wood and move it 
into the grinding zone. The movement of the ring 
plus the friction between the stone and the wood fur- 
nish the grinding pressure. Comparing the Roberts 
with the old three-pocket grinders on which pressure 
could be ‘calculated and pointing out that the power 
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The distance between the two. 


consumption for each type is the same, a unit pressure 
of 33 p.s.i. for the Roberts is found. To the outer 
ring is fastened a steel worm gear which meshes on 
top of the grinder with a bronze worm. Through this 
worm is transmitted the revolving force to the feed 
ring. In addition, on the outer surface of the ring 
near each edge are two machined grooves extending 
completely around the ring. The ring rides on several 
Ryertex bearing blocks ground to the same radius as 
the machined grooves and mounted in the lower half 
of the grinder case. These bearing blocks serve as 
both radial and thrust bearings. 

A Vickers Hydraulic Power unit coupled with a 
fluid motor furnishes the driving force for the ring. 
Constant oil flow from the power unit at 800 p.s.i. 
pressure passes through a tee. One side of this tee 
leads to the fluid motor; the other side to the master 
cylinder. As the master cylinder opens, more oil flows 
through it. and consequently less through the fluid 
motor, causing a decrease in the speed of the motor. 
Conversely as the master cylinder closes, the fluid 
motor picks up speed. 

The action of the master cylinder is controlled by 
a Waterous Electric Load Governor. Through this 
governor it is possible to control the load on the 
erinder (the grinding pressure) by a twist of a knob. 

The pulpstones are, of course, artificial. Both Nor- 
ton and Carborundum stones are in use at the present 
time. The stone has a 54-inch face and 60 inches in 
diameter. This means that at 240 r.p.m. a peripheral 
speed of 3770 f.p.m. is obtained from a new stone. 
As several grades are manufactured, stone life varies 
somewhat. These first stones will average 700 to 900 
days or better than 20,000 tons each. The second set 
of stones should go 1100 to 1200 days or 28,000 to 
31,000 tons. Light dressing and an 80-hour burring 
cycle contribute to this stone life. 

The shaft bearings are water-lubricated Ryertex 
bearings. Differing from other grinders, the thrust 
of the shaft is directed upward against the top half 
of the bearing. It is interesting to note that the direc- 
tion of the thrust is about 22.5° from the vertical 
center line of the shaft and in the direction of the 
rotation of the shaft. 

There are seven Roberts grinders at the Deferiet 
Mill. Each grinder is connected to a 2000 h.p., 240 
r.p.m. synchronous motor through a “floating” shaft 
with a No. 9 Koppers coupling on both the grinder 
and motor ends. Wood is conveyed to the grinders 
in a steel, water-filled trough running the full length 
of the grinder room. A 2000 g.p.m. circulating pump 
creates an artificial current to move the wood forward 
in the trough. There is one grinderman for each 
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evinder. For comparison, each Roberts grinder re- 
placed four three-pocket grinders and from a labor 
standpoint one operator produces what three men 
formerly produced. 


EXPERIMENTAL PROCEDURE AND RESULTS 


The accomplishment of experimental work under 
actual operation conditions is exceedingly difficult. 
The laboratory technician is able to isolate his work. 
Should his experiments produce extreme results there 
is no harm done. Nothing else is affected. However, 
it is quite different in a commercial pulp mill. To 
maintain the high standards required on a competitive 
market, paper must be of the highest quality—hence 
the pulp from which it is made must be the best pos- 
sible to produce. As a result, in these experiments 
it was impossible “to go out on a limb” too far. The 
resulting pulp had to be consistent with salable paper. 
The second problem was the control of the wood dur- 
ing the time a trial was actually in progress. As wood 
from several sources is ground, it was necessary for 
each trial to wait until a standard mixture of wood 
was being ground. The so-called “standard” mix- 
ture was composed of 70% Canadian spruce and bal- 
sam from the north shore of the St. Lawrence at a 
moisture of 40% A.D. and a density of 29.5 lb. per 
cu. ft. and 30% local spruce with a 45% moisture 
A.D. and a density of about 24 lb. per cu. ft. This 
mixture was used throughout the test runs. 

The experimental work reported here was conducted 
on one grinder. The same work was accomplished on 
other grinders but for sake of clarity only the results 
found on the one grinder will be discussed. Regard- 
less of the grinder used, the resulting curves had the 
same characteristics and slopes—the only difference 
was an occasional displacement either upward or 
downward. 

The following variables remain constant and the 
following units are used throughout unless otherwise 
indicated. The stone was an 82 grit Carborundum 
(C82C4L7V). It had been run about 550 days at 
the time these experiments were conducted and was 
traveling at 3600 f.p.m. The dressing was a 16-cut, 
2-inch lead burr with a normal burring cycle of 80 
hours. A Taylor temperature controller maintained 
a temperature of 150°F. at a pit consistency of ap- 
proximately 2.56% A.D. Production was measured on 
the basis of the ring speed (standard mill practice) 
and expressed as both tons per day and tons per square 
foot per day. Power was determined on a totalizing 
wattmeter. 

A fractionization of each stock sample was run on 
a Bauer-McNett classifier preceded by a 0.014-cut 
laboratory flat sereen. All strength test pulp was first 
screened over the 0.014 flat screen prior to sheetmak- 
ing. A Willams sheet mold with an 80-mesh wire 
was employed for the making of the 60-pound (24 
x 386—500) hand sheets. 

The strength tests were run on conditioned hand 
sheets and physical tests were in accordance with 
TAPPI standards. Results were expressed in the fol- 
lowing units: bursting strength as per cent points per 
pound, tear as per cent grams per pound, tensile as 
per cent pounds per pound per one-half inch strip and 
freeness as a Schopper-Riegler “beating degree.” One 
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additional physical factor has been included that has 
no TAPPI recognition. It is the bulk number and is 
determined as the caliper of eight test sheets divided 
by eight; the result divided by the true basis weight 
and the result multiplied by ten. It has been found 
that a bulk number of 1.30 for groundwood pulp makes 
an excellent book sheet. 


Effect of Stone Surface Age 


First consideration was given to the surface of the 
stone. Since the stone itself, the peripheral speed and 
the burr used (16-cut, 2-inch lead) remained constant 
the only variable was the age or elapsed time since the 
the stone had been sharpened. 

The procedure used was to wait each morning until 
a standard mixture of wood was being ground. The 
load then adjusted to 1400 kw. (1875 h.p.) and the 
temperature controller checked for a reading of 150°F. 
+5°. The totalizing wattmeter was then read as was 
the production counter. Close watch was kept of the 


. grinder for 5 hours, at the end of which time the meters 


were again read. These data furnished the power 
consumption and production figures for the period. 
At some convenient time during the 5-hour run, a 
sample of stock was selected. The exact time of 
selection was noted carefully as this was taken as the 
“age” of the surface of the stone for the particular 
run. This was repeated each day for 2 weeks. 

The usual burring cycle is approximately 80 hours 
but for sake of completeness the stone ran 121 hours 
before being resharpened. 

The production and power consumption curves as 
the age of the surface increases may be seen in Fig. 1. 
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The greatest production immediately after sharpening 
amounts to almost 33 tons per day (1.24 tons per 
square foot per day) at a power consumption of 56 
h.p.-days per ton. It will be observed that both 
curves tend to level off about 60 hours of wear. Even 
at the end of the 120-hour period, the production has 
only fallen to 0.9 ton per square foot per day or to 
about 24 tons per day with a power consumption of 
78 hp.-days per ton. 

As for the physical characteristic of the fiber pro- 
duced during this period,-refer to Figs. 2 and 3. Fig- 
ure 2 shows the classification changes during the 120 


hours aging period. Of particular interest is the 20- ° 


mesh fraction curve. It demonstrates quantitatively 
what is observed in the blue glass. Immediately after 
sharpening the stock looks short and “sharp.” As 
time progresses the fiber “draws out.” Observe in 
Fig. 2 the 20-mesh retention increasing with age from 
5% at 8 hours to almost 10% at 60 to 70 hours. 
Again to the blue glass to observe after 60 to 70 hours 
a gradual shortening’ of the stock. Actually this 
“shortening” period lasts some 30 hours. The surface 
of the stone has disappeared entirely by 100 hours 
and the grinding operation begins to produce a 
“ragged” stock. The sharp increase of the 20-mesh 
fraction from 100 to 120 hours demonstrates this fact. 
Essentially, the same changes will be observed in the 
35-, 65-, and 150-mesh fractions, although the 150- 
mesh fraction lags the 20 mesh by 20 to 30 hours. As 
would be expected, the “flour” or fraction passing 150 
mesh decreases to 60 to 70 hours, increases to 100 
hours, and decreases again as the long ragged stock is 
being produced after 100 hours. 

For the effect of surface age on the strength of the 
resulting pulp, refer to Fig. 3. The bursting strength 
and tensile parallel each other rather closely. In each 
case age improves the strength with no tendency even 
to level out. The leveling out portion of each curve 
is assumed to come with an excess of 120 hours of 
wear. 

The tear exhibits a rather interesting curve which 
parallels very closely the curve for the 20-mesh 
‘retention as discussed in Fig. 2. It substantiates 
former beliefs that the amount of long fiber present 
governs the magnitude of the tear. 


a APPT January 1949 Vol. 32, No. 1 


That the bulk number is closely related to the 
amount of short broken fibers is clearly demonstrated 
by reference again to Fig. 2. Note the very close wave 
pattern between the 150-mesh retention and the bulk 
number curve. In each case there is a minimum point 
at 30 hours and a maximum point at close to 80 hours. 

With reference to the freeness curve in Fig. 3 
it is noted that after 60 hours little or no change occurs 
in the freeness. With all other physical factors chang- 
ing a corresponding change in freeness might be ex- 
pected. A possible explanation is that the stock is 
so slow (Schopper-Reigler 83 or Canadian Standard 
40) that the operation of the freeness tester is sluggish 
and therefore not especially reliable in this extremely 
low range. It does demonstrate that in these lower 
ranges freeness is not a good criterion for strength. 

Considering all factors in the above discussion and 
weighing production against power consumption and 
strength, it can be concluded that a burring cycle of 
80 hours is optimum. To prolong the cycle means 
increased strength at the expense of power consump- 
tion and production. To sharpen a stone too fre- 
quently meais higher production at less power per ton 
with a resulting pulp that is far too weak for a good 
sheet of book. In actual operation this is borne out. 
For the first six months of 1948 the Roberts grinders 
at Deferiet were sharpened on an average of once 
every 78 hours. 


Effect of Power Input or Total Grinding Pressure 


In the preceding discussion of surface age the power 
input to the grinders was held constant. The investi- 
gation of the effect of power input was the next step. 
That the power input and the total grinding pressure 
are directly related goes without saying. It is also a 
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well-known fact that as the pressure increases, the 
production will also increase. There was interest, 
however, in the magnitude of such changes, the actual 
power consumption per ton of pulp, and the over-all 
effect on the physical characteristics of the resulting 
pulp. 

_The procedure was to first select the time in the 
aging cycle of the surface of the stone which would 
represent an average condition. After inspection of 
Figs. 1, 2, and 3 it was elected to run all power input 
tests at 60 hours of stone surface age. It was also 
necessary that the standard mixture of wood being 
ground should coincide with the 60-hour period. A 
temperature of 150°F. and a surface which had been 
sharpened with a 16-cut, 2-inch lead burr were used 
as in the preceding tests. Four runs were made—the 
first at 100-kw. power input, a second at 1200 kw., a 
third at 1400 kw., and the fourth at 1600 kw. Each 
run lasted three-quarters of an hour during which 
time power production readings were taken and at 
the end of the period a sample of the stock was selected 
for classification and physical tests. 

Figure 4 represents the power and production 
curves for this run. It will be noted that the produc- 
tion varies in a linear fashion. At 1000-kw. (1340 hp) 
power input the production is only 0.35 ton per square 
foot per day or 9.3 tons per ‘day on the Deferiet 
Roberts. This increases with a constant slope to 
1.41 tons per square foot per day at 1600 kw. (2145 
hp.). Within the range of 1300 to 2200 hp. the pro- 
duction change amounts to 4.69 tons per day per 100 
kw. This is the curve as determined by experiment. 
It checks very well in actual practice, however. For 
the first six months of 1948 Roberts grinders were 
operated at 1875 hp, and produced for the same period 
26.2 tons per stone per day. The experimental results 
show for 1875 hp. a production of 26.7 tons per day. 

That it is not economical to operate a Roberts 
grinder at extremely low pressures is illustrated in 
the power consumption curve of Fig. 4. Notice at 
1000 kw. (1340 hp.) the consumption of power 
amounts to almost 150 hp.-days per ton. As the 
power consumption per ton drops very rapidly until 
at 1875 hp. we are down to 70 hp.-days per ton and 
at 2150 hp. (an overload on the 2000 hp. motors) the 
power consumption has dropped to 57 hp.-days per 
ton. Here again the experimental curve checks very 
well with operational averages. During the six-month 
period previously mentioned, an average of 69.6 hp.- 
days per ton was obtained while operating at 1400 
kw. and the experimental data indicates 70 hp. at the 
same power input. 

The fiber classification for the power run is shown 
in Fig. 5. It is interesting to note that the 35- and 
65-mesh fractions remain constant regardless of the 
power input. The 20-mesh fraction shows little 
change up to and including the 1875 hp. point but 
increases almost 100% with the next power increase 
of 200 kw. This radical increase in the 20-mesh frac- 
tion at this point has appeared in the classifications 
of other stones undergoing the same tests. The 150- 
mesh fraction drops sharply between 1340 hp. and 
1610 hp. but remains uniform for the remainder of 
the run. 
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The strength of the pulp varies a great deal more 
with changes in power than the classification curves 
in Fig. 5 might indicate. With reference to Fig. 6, 
the bursting strength at 1340 kw. is high but as the 
power input (grinding pressure) increases the burst 
drops off rapidly with the slope of the curve becoming 
increasingly steep with additional power. The burst 
drops a full ten points when the last 200 kw. of power 
is applied. The tear and tensile show little change— 
the tear increasing sharply between 1340 hp. and 1610 
hp. and remaining constant for the remainder of the 
run. The tensile, on the other hand, does not fall off 
until the last 200 kw. of power is applied. The bulk 
number exhibits rather decided tendencies. It will 
be noted that as the production curve varied in a 
linear fashion, so does the bulk number curve. The 
The slope of the curve is uniform and increases with 
increasing power. In the manufacture of groundwood 
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pulp for book papers this point is rather important 
and should be borne in mind. The freeness curve 
varies in much the same manner as does the curve for 
bursting strength. And here again the slope of the 
curve becomes increasingly steep as additional power 
is applied. 

From the above discussion it can be concluded that 
at low power input (low grinding pressure) excellent 
strength with low bulk may be expected. The pulp 
would be excellent for a book grade. However, the 
power input is so high and the production so low that 
economical operation is impossible. To go to the 
other extreme and grind at high pressure (2150 hp. 
input) results in good production at a low power 
input per ton. The resulting pulp, however, has low 
strength and a bulk number so high as to make the 
pulp virtually worthless in the production of book 
papers. Power input (grinding pressure) has more 
influence on bulk number than any other variable 
once the wood supply is constant and surface pattern 
established. The knowledge of this fact is extremely 
important to the groundwood superintendent. It is 
quite often possible to lower a high bulk number 
caused by a few cords of poor wood by reducing the 
power input a small amount. 

A knowledge of the characteristic power input 
curves is important. Full load on the Deferiet 
grinders is 2000 hp. or 1500 kw. Operation at this 
point for about a year gave a production of slightly 
better than 30 tons per day. The resulting pulp, 
however, was a little too bulky and was giving the 
-papermakers some trouble. It was decided that it 
would be well worth while to sacrifice production for 
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a lower bulk number. This was done and the load 
reduced to 1875 hp. with immediate improvement in 
pulp quality. The production as a result was lowered 
to 26 tons per day. From an operational standpoint 
this reduction in power improved screening consider- 
ably. In doing so advantage was taken of the drop 
in 20-mesh retention (see Fig. 5) when lowering the 
power from 1500 to 1400 kw. Screen plate breakage 
dropped 50% with the application of the lower power. 


Effect of Temperature 


Because of difficulties encountered in maintaining 
a constant temperature below 140°F. and above 170°F. 
for prolonged periods, it was impossible to investigate 
power and production variables. Therefore, the tem- 
perature investigation was limited to strength charac- 
teristics only. 

The test conditions involved use of the standard 
mixture of wood, grinding being done when the stone 
surface was at the desired 60-hour age. The load was 
adjusted to 1400 kw. and the stone flooded with water. 
As a result the temperature was lowered to 135°F. 
The grinder was permitted to operate in this fashion 
for a short period before a stock sample was selected. 
The temperature was then raised to 160°F. and finally 
to 180°F. by decreasing the amount of shower water. 

Figure 7 plots the various strength elements against 
temperature. In each case with the exception of free- 
ness little or no change occurs between 135 and 160°F. 
The stock in this range of 25° does “free up” about 
5 Schlopper-Reigler degrees. Rather sharp changes 
took place when the temperature was raised to 180°F., 
however. This was particularly true with the tear 
and the bulk number. The tear which had held in 
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the vicinity of 47% for both the 135 and 160° points 
increased sharply to better than 60% at 180°. The 
bulk number reacted in the same manner. From the 
appearance of the stock coming over the dam little 
change in production occurred between 135 and 160°. 
At 180° the production rose sharply as indicated by 
the appearance of the stock flowing over the dam. 

From the standpoint of the “book pulper” the re- 
sults of the above investigation indicate that the 
grinding temperature should be kept below 160°F. 
As far as temperature is concerned, this will assure 
one of a low bulk number. 


Effect of Stone Surface Dressing 


As has been discussed earlier, it is essential that 
pulp quality remain uniform. It was therefore im- 
possible to conduct an extensive investigation of the 
effect of various burrs on pulp quality and production. 
A great deal has been done in the past regarding this 
phase of pulping but in each case the change was minor 
and considerable time elapsed between burr changes. 
It is therefore virtually impossible to present any com- 
prehensive study of this problem. 


Table I. Effect of Stone Dressing on Strength 
Burr, 14-cut, Burr, 16-cut, 
. Y%-in lead 2-in. lead 
Bursting strength, % Soe 62.1 
Tear, % 76.0 68.6 
Tensile, % 16.2 22.5 
Freeness, 8. R. 62.5 80.5 
Bulk number 1.68 1.25 


An indication of the importance of proper stone 
dressing may be had by inspection of Table I. These 
particular data were taken from tests run on a 77-grit 
Alundum stone grinding local (New York State) 
spruce at 1875 hp. The changes in this case are quite 
drastic and of much greater magnitude than is usually 
the case. The initial problem was to reduce the bulk 
number of stock produced on two Alundum stones. 
The change made was to replace the 14-cut, 1/2-inch 
lead burr with a 16-cut, 2-inch lead burr. The results 
of the change clearly indicate what can be done. Not 
only was the bulk reduced to an acceptable point but 
the bursting strength was almost doubled. The tear 
remained high, and the tensile improved about one 
third. The production as a result of the change was 
not effected to any marked degree. A small decrease 
may have occurred but the improved cleanliness of 
the stock offset this with a higher percentage of ac- 
ceptable fiber. 


Table Il. Effect of Combination of Stone Dressing and 
Power Input on Strength 
2000 Hp., 14-cut, 1875 Hp., 16-cut, 
1%4-in. Burr 2-im. Burr 

Bursting strength, % 46.2 56.4 
Tear, % eee BPRS, 2, GIO), 
Tensile, % ° 159 21.0 
Freeness, S. R. 78.5 83 
Bulk number 1.49 131 


Often a combination of surface dressing and erind- 
ing pressure are required to improve pulp quality. 
Table II illustrates what was accomplished by use of 
both of these factors. This change was made on an 
82-grit Crystolon stone—the same stone previously 
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discussed. Here again the problem was to reduce the 
bulk number. The initial change from a 14-cut to 
a 16-cut burr improved the quality but not of sufficient 
magnitude to rest. 

The second step was to reduce the power input 
from 2000 to 1875 hp. This combination was success- 
ful in reducing the bulk number from a prohibited 
1.49 to an acceptable 1.31. This loss in production 
amounted to 4 ton per day but from a pulp quality 
standpoint was well worth while—at least from the 
papermakers point of view. Reference to Table aa 
will show the improvement in burst, tear, and tensile 
—all of which were incidental to the improvement in 
bulk number. 


APPLICATION OF CHARACTERISTIC CURVES 


Book Pulp 


In the manufacture of mechanical pulp for book 
papers pulp quality is of prime importance. Within 
reasonable limits the production is of secondary im- 
portance. For a sheet of this type it is desirable to 
furnish a slow pulp of low bulk and high strength. 
The stock must be clean and well screened as any- 
thing that detracts from the finish of the sheet is not 
desirable. . 

Using the characteristics curves previously dis- 
cussed, can it be shown that a Roberts grinder will 
produce this stock? With reference to Fig. 3 and the 
burring cycle it appears that the longer the period 
between sharpenings the greater the over-all strength 
will be. As cleanliness is important the stone should 
not be permitted to produce a “ragged” stock. In Fig. 
2 the cycle should be cut from 120 to 100 hours be- 
cause of this condition. Secondly, consider the pro- 
duction as shown in Fig. 1. At 100 hours the produc- 
tion has decreased to 24 tons per day at 78 horse- 
power days per ton. 
“sweeten” the production a small amount by decreas- 


ing the burring cycle from 100 hours to perhaps 80 | 


hours depending, of course, on local conditions. The 
point to bear in mind when considering the burring 


cycle is to keep it as long as it’s consistent with good | 


pulping. 


Next consider the power input or total grinding | 
The strength characteristics of Fig. 6 indi- | 
cate a low power input is conducive to high strength | 


pressure. 


and a low (slow) freeness. The production (Fig. 4) 


is so low and power consumption so high at low pres- | 
sure that economical operation at this point is vir- | 
tually impossible. As a result a midpoint must again | 


be chosen increasing the power input to 1875 hp. At 
this point the pulp is not as strong as at 1340 hp. but 
the strength is high enough to be consistent with good 
operation. 


From the brief discussion of temperature it is evi- 
dentthat-most.any point between..140. and. 160° will | 
produce the desired quality. It is detrimental, how- 


ever, to exceed 160°. 


Stone surface dressing for book pulps depends on | 
local conditions so much it is difficult to say anything | 
definite. Indications (Table I) point to a rather fine | 
burr—a burr that will produce a pulp, the classifica- | 
tion of which will be distributed evenly over the sev- | 


eral fractions. 
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It might be well therefore to | 


It is apparent from the above that a Roberts grinder 
will produce a good grade of book stock. In fact sev- 
eral mills today are using their Roberts to produce 
this type of mechanical pulp. 


Application to Pulps Other Than Book 


The preceding discussion has been based on experi- 
mental work carried out in a book pulp mill. It is a 
fair question to ask whether or not the same type of 
grinder under different grinding conditions would pro- 
duce the same characteristic operational curves. It 
has been demonstrated that the Roberts grinder will 
produce a good grade of book pulp but will the same 
grinder produce news or board pulp? 

As evidence that the Roberts will produce other 
grades and that the curves previously discussed will, 
in general, apply to news, board, or other types of 
pulp, refer to Fig. 8. which is a plot of power input as 
against production and is a correlation between the 
experimental work accomplished and actual operating 
conditions. Curve A is a replot of the data from Fig. 
4 which showed the effect of power input on produc- 
tion. Hence curve A is the experimental curve. From 
information furnished the author regarding produc- 
tion of several other mills using the Roberts grinder, 
eurve B has been drawn. Three mills fall on the 
curve very nicely. The first, a slow book grade mill 
producing 26 tons per day at 1875 hp.; the second, 
another book grade mill, producing a freer pulp using 
2400 hp. for 40 tons per day; and the third, a board 
mill grinding 60 tons per day at 3000 hp. It will be 
observed that curve B falls roughly parallel to curve 
A, indicating that the experimental results are not too 
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far out of line. One mill plotted on Fig. 8 does not 
agree too well with the experimental curve. In this 
case, however, the grinder is operating on 100% poplar 
and as such is not comparable to the experimental 
curve. 

In conclusion, the Roberts grinder is a flexible ma- 
chine capable of excellent production over a wide range 
of high quality pulp. The foregoing operational char- 
acteristics bear this out. No attempt has been made 
or will be made to compare the Roberts with other 
more common types of grinders. The reader, however, 
by using these operational curves will be able to make 
his own conclusions. 

Receiveo Nov. 12, 1948. Presented at the Mechanical Pulping Conference 
sponsored by the Technical Association of the Pulp and Paper Industry 


and the Technical Section, Canadian Pulp and Paper Association held at 
Poland Spring, Me., Sept. 27-29, 1948. 


Fig. 9. Roberts Grinder Installation at the Deferiet Mill of the St. Regis Paper Company 
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Screening Groundwood Pulp 


JOSEPH EDWARDS 


Some general principles covering coarse and fine screening 
of groundwood pulps are reviewed briefly and, in the latter 
case, an attempt is made to draw a clear distinction between 
the requirements of primary and rescreens. The influence 
of consistency on the efficiency of the combined screening 
and deckering operation is discussed at length and _ illus- 
trated by a description of two newly installed systems in 
large Canadian newsprint mills. 


Some of the general aspects of groundwood pulp 
screening are discussed briefly referring to a few rela- 
tively recent equipment developments and, in par- 
ticular, to two new screening installations in the au- 
thor’s company’s mills. Thickening operations and 
white water systems will be dealt with only in terms 
of their relation to screening. 


COARSE SCREENING 


Coarse screening in the past was commonly effected 
in two stages, namely, by removal of shims, etc., in 
bull screens, followed by the removal of large slivers 
and long stringy material in knotter screens. Later, 
coarse screens were developed which served to achieve 
the two results in a single operation and, subsequently, 
even the older types of bull screen were frequently 
fitted with plates of finer perforation to the extent that, 
at the present time, single-stage coarse screening is a 
common practice in the industry. Generally speaking, 
the rejects from a single stage operation will be less 
than the combined losses from double-stage systems, 
certainly not more. The advantages of the single-stage 
system are obvious—reduced floor space and equip- 
ment requirements and, frequently, the elimination of 
one pumping stage. 

The main requirements of a good coarse screen are 
that it rejects the oversize material which would other- 
wise cause damage to the fine screens following or 
which cannot be reduced effectively by refining equip- 
ment. The screen should reject a minimum of good 
fiber, should not have a tendency to plug up rapidly 
under overload, and be of such design that its efficiency 
and capacity are not impaired by increasing input 
consistency to at least 1%. This last requirement has 
assumed greater importance in recent years since the 
appearance on the market of fine screens which operate 
most efficiently at high consistencies. 

Several types of coarse screens meet the above-noted 
requirements, and it would be pointless to describe all 
of the various makes in general use. Reference should 
be made, however, to the recently introduced vibrating 
(Jonsson) screen. Widely used as a knotter screen 
for chemical pulps here and in Scandinavia, tests have 
shown that it is equally effective as a groundwood 
coarse screen having a capacity of well over 100 tons 
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daily at consistencies up to 1.25%. Power require- 
ments are very low, and rejects are exceptionally free 
from good fiber. An additional advantage 1s the small 
space required for its installation. ; 

This type of screen consists of a plate with approxi- 
mately !/4-inch perforations, supported on a frame by 
four springs. The drive shaft, mounted on the frame, 
is equipped with two flywheels with unbalanced 
weights, and travels at approximately 1500 r.p.m. 
Accordingly, the screen in operation moves In a cir- 
cular path of low amplitude, describing 1500 oscilla- 
tions per minute. The pulp which is fed on to the plate 
is violently agitated so that accepted stock passes 
through without any tendency to form a mat and hence 
reduce capacity. Meanwhile rejects are forced, by the 
oscillating motion, to travel up over the dry portion 
of the plate where they are washed entirely free of 
good stock by two strategically placed showers, and 
then over the end into whatever means for their dis- 
posal that has been provided. 


FINE SCREENS 


Until quite recently, fine screening of groundwood 
pulp has been accomplished in two or more stages, 
usually with centrifugal rotary’ screens. Primary 
screening and the rescreening of primary screen rejects 
are essentially entirely different types of operation. 
Generally speaking, however, they have not been suffi- 
ciently recognized as such, and it is quite usual to see 
the same type of screen installed for both steps. In 
primary screening, there is a mixture containing about 
95% of acceptable fiber and only 5% objectionable 
material. Freeness and average fiber length are low 
and the tendency to mat on the screen plate is rela- 
tively small. Therefore, it is not too difficult to achieve 
reasonably high throughput with a minimum of shower 
water dilution. The main purpose being the complete 
elimination of oversize material from the accepted 
stock, it is inevitable that considerable quantities of 
good fiber be rejected. It is the purpose of rescreening 
to reclaim as much as possible of this rejected good 
fiber. It is to be noted, however, that the nature of 
the ingoing pulp is entirely different. Instead of being 
lower in freeness and fiber length and containing only 
some 5% oversize fiber, it is very free, consists mostly 
of long-fibered material, and contains approximately 
50% of fiber which must be rejected. In order to 
guard against the acceptance of objectionable fiber, 
screen perforations must of necessity be small, and 
the combination of high freeness stock and small per- 
forations results in a tendency of the pulp to quickly 
form a mat on the plate. This tendency can only be 
overcome by providing large quantities of dilution 
water which, in turn, results in dirt and shives being 
washed through the plate. As a consequence, accepted 
stock from rescreens is usually relatively dirty and 
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extremely dilute. Being dilute, a heavy burden is 
placed on the thickening equipment out of all pro- 
portion to the tonnages involved. 

The problem of rescreening assumes varying im- 
portance, of course, from mill to mill. It is most acute 
where no refining equipment is installed and, as a con- 
sequence, where losses must be kept at a minimum. 
Refiners are used in a majority of mills, however, and 
in such cases it is permissible, and indeed good prac- 
tice, to allow some good fiber to be rejected from re- 
screens in order to raise the consistency and improve 
the cleanliness of accepted stock. Still other mills 
have such low-grade product outlets for rescreen pulp 
as newsprint wrapper, etc., in which case the dirt 
count is of minor importance and, as a consequence, 
‘considerable liberty can be taken in the rescreening 
operation. 


SCREEN TYPES 


Centrifugal pulp screens for groundwood are of two 
general types, the first consisting of a rotating element 
with a fully drained screen plate, the tailings collecting 
at one end of the screen from which they are removed 
by bleeding a fixed quantity of stock. This usually 
amounts to up to 20% of the input to the screen. The 


Fig. 1. 


Cowan Screen Installation at the Riverbend Mill 


second type consists of a rotating element with free 
discharge of both tailings and accepted stock. The 
Quiller and Cowan screens fall into this category. 
Under proper operating conditions, rejects are con- 
siderably lower than is usual with screens of the first- 
noted type, and for the Cowan screen this is par- 
ticularly true to the extent that rescreening becomes 
unnecessary. More detailed reference to this point 
will be made later. 

Generally speaking, screen plates for primary screen- 
ing have perforations about 0.065 inch in diameter, 
which is many, many times the diameter of fibers 
and even of large fiber bundles. Their passage through 
the screen orifices is prevented by the fact that they 
align themselves along the direction of travel of stock 
around the screen and, accordingly, are, in general, 
presented tangentially to the plate. 

The capacity of a screen depends principally on the 
following factors: centrifugal force on the stock 
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(peripheral impeller speed); size and number of per- 
forations; consistency of feed and quantity of shower 
water added; percentage of tailings’ in feed stock;’ 
allowable quantity good stock rejected with tailings; 
and kind of stock, particularly fiber length and 
freeness, 

In general, underloading of a screen results in good 
separation of accepted stock from tailings but at ex- 
cessive horsepower per ton, while overloading results 
in the rejection of excessive quantities of good fiber 
and greatly increases the danger of plate breakage. 
_ The coefficient of discharge for sereen plates is ex- 
ceedingly low being less than 10% of the usual value 
for orifices, and this low coefficient is due to the tan- 
gential flow of the stock and to the unfavorable flow 
conditions of the perforations. The latter can be im- 
proved by coating the metal plate with a smooth film, 
such as a thermoset phenolic plastic (e.g., Lithcote 
and Heresite), thus appreciably increasing capacity. 


The Cowan Screen 


The Cowan screen is an improved centrifugal screen 
of the Quiller type differing mainly in the impeller 
design and in the manner of adding dilution water. 
At approximately midway along its length, the im- ~ 
peller is fitted with a baffle through which tailings pass 
to the second half of the screen. Dilution water is 
added in this half only and is admitted to the stock 
via the hollow shaft of the impeller. Screen plates 
are graduated in perforation size, usually being 0.065 
inch on the inlet or primary side of the baffle and 
0.055 inch on the tailings side. In effect, therefore, 
the Cowan screen combines in one unit the features 
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Fig. 2. 


Cowan Screen Installation at the Riverbend Mill 


required for good primary screening and also for 
effective rescreening, and it is to all intents a com- 
bined screen. Moreover, the restricted use of dilution 
water and its application only where needed (to the 
thickened, free stock at the tailings end) result in a 
minimum drop in consistency through the screen. 
Very much less thickening equipment is required than 
would otherwise be the case, and there is a substantial 
shrinkage in the volume of the white water system as 
a whole. 
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MILL INSTALLATIONS 

The remainder of this paper is devoted to a descrip- 
tion of the first and second all-Cowan screen install- 
ations now in use. The first went into service at the 
Riverbend mill of Price Brothers & Company, 
Limited, in 1946; the second at the Kenogami mill of 
the same company in the following year. 

At Riverbend, the capacity of the groundwood mill 
prior to the new installation was approximately 480 
tons per day, and it was intended to increase this to 
600 tons per day through the addition of grinders and 
auxiliary equipment. The screen and decker rooms 
were crowded so that it would have been necessary to 
erect a building of substantial size to accommodate 
the new screens and deckers required. 

Meanwhile, the first full size (42-inch) Cowan 
screen had been built and installed at Riverbend as a 
trial unit. Tests soon revealed that at least a 30% 
increase in output consistency to the deckers was pos- 
sible, that tonnages up to 150 tons per day could be 
handled by a single unit with ease when driven by a 
75-hp. motor, that tailings could readily be held at 
5 to 6% thus obviating the need for rescreening, and 
that, on a 600-ton basis, approximately 500 horsepower 
could be saved in screening and in white water 
pumping. 

Based on this performance, it was decided to remove 
the existing screens and replace them with six Cowan 
sereens. It is possible to operate the mill with four 
screens, daily production being 600 tons of groundwood, 
but normally five screens are used due to the reduced 
possibility of screen plate breakage. At the same time, 
the original installation of 30 deckers has proved more 
than adequate for the higher tonnage due to increased 
consistency of the unthickened stock, whereas 26 to 28 
deckers had been required for 480 tons. Only 23 or 
24 are now necessary for thickening 600 tons daily. 

Elimination of rescreening has vastly simplified the 
whole system while the reduction in reject volume to 
the refiner has allowed the mill to eliminate the refiner 
screen stage and thus get away entirely from the awk- 
ward problem of rescreening this stock efficiently. 
Stock from the bull screens goes to the Cowan screens. 
The accepted stock from these units is directed to the 
deckers while the rejects go to a refiner before being 
returned to the bull screen and back into the system. 


Fig. 3. Cowan Screen Installation at the Kenogami Mill 
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As to operating details, the screens are equipped with 
Lithcoted plates of 0.065-inch perforations on the inlet 
side of the baffle, and 0.055-inch on the tailings side. 
White water dilution is admitted under 3 to 5 pounds 
pressure, each screen shower line being equipped with 
individual gages. Over-all power requirements 
average 0.6 hp. days per ton. nie 

Following the installation and successful operation 
of the Riverbend mill system, the screen room at the 
Kenogami mill was equipped with Cowan screens. 
Here also, increasing mill production had resulted in a 
screening and, in particular, a deckering bottleneck. 
All 36 deckers were required for thickening about 580 
tons of groundwood daily, and no space was available 
for accommodating the additional units required for 
handling a proposed 700 tons. Seven Cowan screens 
were installed, six of which are normally in operation 
but only five of which are actually required to screen 
the 700 tons produced. At the same time 28 to 30 
deckers are sufficient for thickening. 


Fig. 4. Cowan Screen Installation at the Kenogami Mill 


The system finally adopted is somewhat more com- 
plicated than that at the Riverbend mill due to the 
fact that the Kenogami mill has a board machine 
which takes varying quantities of groundwood rejects 
and refined rejects depending upon the grade of prod- 
uct being manufactured. It has been found necessary 
to provide a secondary screening stage, the accepted 
stock from which can be diverted to the board machine 
or alternatively to the groundwood deckers. At times, 
large quantities of secondary screen stock are in 
demand, and on these occasions Cowan screen rejects 
are deliberately increased: an effective method being 
the substitution of metal for Lithcote plates. 

As at Riverbend mill, plates are graduated 0.065- 
inch and 0.055-inch perforations, and dilution water 
is held at about 3 to 5 pounds pressure. Over-all power 
requirements are just over 0.5 hp. days per ton. 

Simplification of the screening systems at Kenogami 
and Riverbend mills, as outlined in the foregoing, has 
also resulted in a substantial reduction in screen room 
labor, so that the mill operators are highly pleased, in 
every respect, with the new installations. 


Recetveo Nov. 12, 1948. Presented at the Mechanical Pulping Conference 
sean the VT eenical Feu karan of the Pulp and Paper Industry 
and the Technical Section of the Canadian Pulp and P A iati 
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Douglas Fir Heartwood Flavanone 


Its Properties and Influence on Sulphite Pulping 


JOHN C. PEW 


A new crystalline compound, the 3,3’,4’,5,7-pentahydroxy- 
flavanone has been found in Douglas fir heartwood. Some 
properties of this compound and means of isolation are 
described. Small-scale sulphite pulping experiments were 
made using chips of unextracted and extracted Douglas 
fir heartwood, Douglas fir sapwood, spruce wood, spruce 
wood with the flavanone added to the cooking liquor, and 
spruce wood impregnated with the flavanone. The results 
indicate that the presence of the flavanone is an important 
factor in the sulphite pulping resistance of this species. 


Ir nas long been known that certain species of 
wood, notably the pines and Douglas fir (Pseudotsuga 
taxifolia), resist pulping by the sulphite process. It 
has been recognized in recent years (1, 5) that the 
heartwood alone pulped incompletely, whereas the 
sapwood behaved more or less normally. Early inves- 
tigators believed that the resinous extractives (usually 
present in higher concentration in the heartwood than 
in the sapwood) interfered with the penetration of the 
pulping liquor into the wood chips and thus caused 
incomplete and nonuniform pulping. Fluorescence 
under ultraviolet light and certain staining reactions 
(6), however, suggested that chemical substances 
existing exclusively in the heartwood might be respon- 
sible for the pulping retardation, and work was begun 
on this subject at the Forest Products Laboratory. 
While work was in progress to isolate such substances 
from southern yellow pine, Erdtmann (2) announced 
that he had discovered the presence of phenolic com- 
pounds (a dihydroxystilbene and its monomethylether) 
in the heartwood of the European pine, Pinus sylves- 
tris, and demonstrated that it could cause pulping 
retardation. In the work at the Laboratory no stil- 
bene derivatives were found to be present in Douglas 
fir, but staining reactions by ferric chloride, uranium 
acetate, and potassium dichromate indicated the prob- 
able presence of phenolic substances in the heartwood 
of this species. 

A colorless crystalline compound was isolated at the 
Forest Products Laboratory from the alcoholic extract 
of Douglas fir heartwood. It had a corrected melting 
point of 240 to 242°C. (dec.) and was optically ac- 
tive. It was found to be readily soluble in alcohols, 
acetone, and boiling water, somewhat soluble in ether 
and in cold water and insoluble in benzene. Aqueous 
solutions gave green to black colorations with ferric 
chloride. Alcoholic solutions produced a purple-red 
color on reduction with magnesium and hydrochloric 
acid suggesting a flavanone structure. Also air oxida- 
tion of hot dilute sulphuric acid solutions of the com- 
pound produced the yellow natural dyestuff quercetin. 


Joun C. Pew, Chemist, Forest Products Laboratory maintained at Madi- 
son, Wis., in cooperation with the University of Wisconsin. Forest 
Service, U. S. Department of Agriculture. 
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These and other reactions indicated the material to 
be a new flavanone, the 3,3’,4’,5,7-pentahydroxy de- 
rivative (I). 


O OH 
HO Onna OH 
y ae (1) 
eon 
NS 
6 6, H 
H | 


This flavanone is the fifth naturally occurring 3- 
hydroxyflavanone to be found since the first was dis- 
covered about 12 years ago (three of which were iso- 
lated from heartwoods). The identity of the Douglas 
fir flavanone was confirmed by synthesis. 

The occurrence of 3-hydroxyflavanones in the heart- 
wood of three species suggested that they might be 
present in others as well. Investigation of the South 
American wood coigue (Nothofagus dombeyi Blume), 
the heartwood of which was known to resist sulphite 
pulping, showed it to contain naringenin and the cor- 
responding 3-hydroxyflavanone (3,4’,5,7-tetrahydroxy- 
flavanone). Black cherry (Prunus serotina Ehrh) 
also contains these compounds. 

The flavanone is readily extracted from the Douglas 
fir heartwood at room temperature with a variety of 
solvents, such as the alcohols, aleohol-benzene, and 
acetone, and also with hot water. Its separation from 
the other extractives, however, presents difficulties, the 
soluble ligninlike material present being particularly 
troublesome. One method used was to evaporate a 
solution of the extract onto sand and then leach the 
coated sand with water at room temperature. The 
resulting aqueous extract was extracted with ether, 
the ether distilled off, and the residue recrystallized 
from aqueous alcohol. In another method aqueous 
methyl alcohol was used as the extractant. This 
solvent rejected much of the ligneous material while 
effectively removing the flavanone. 

The amount of flavanone present in Douglas fir 
heartwood varies with the type of wood. Because of 
the losses involved in isolation, the exact amount is 
difficult to determine but probably averages about 
1%. In one sample of wood 2.2% of the crude com- 
pound was recovered. 


PULPING STUDIES 


Although the commercial pulping of Douglas fir is 
done by the alkaline processes, the resistance of the 
heartwood of this species (and of the pines) to sulphite 
digestion is of considerable theoretical interest. In the 
case of Douglas fir the Forest Products Laboratory 
has published (7) a summary of the work done on the 
practical possibilities of pulping this species, using 
liquors containing calcium base and other bases as 
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well. From the standpoint of the chemistry involved 
an important contribution is found in the work of 
Erdtmann (2, 3) who discovered that “pinosylvin” 
(II) and its methyl ether (III) occurred in Scotch pine 
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heartwood to the extent of about 0.8%. These natu- 
rally occurring phenolic compounds, as well as the 
simple polyhydroxyphenols were demonstrated to 
exert a definite inhibiting effect on sulphite pulping. 
Furthermore, he found (4) that spruce logs, ponded 
a long time with the bark on, developed a shell of 
resistant wood containing phenolic substances. 


(IIT) 


Method of Digestion 


Pieces of wood 1/s by 1 by 5/g inch in the grain 
direction (except as when stated otherwise) were cut 
from second-growth Douglas fir and from spruce pulp- 
wood. The chips were conditioned to 7% moisture 
content and stored in closed containers. In making a 
cook, chips equivalent to 40 grams dry weight were 
charged into a stainless steel calorimeter bomb of 
about 300 cubic centimeters capacity, and weighted 
down with a perforated plate. Then 200 cubic cen- 
timeters of cooking acid containing 5.7% total sulphur 
dioxide with 2.4% sulphur dioxide combined as cal- 
cium bisulphite were added. The bombs, after closing, 
were heated by immersion in a glycerin bath at 110°C. 
for 3.5 hours in order to insure complete penetration 
of the chips with the liquor and then at 140°C. for 4 
hours to finish the digestion. The bombs were cooled 
under the tap; the liquor was drained off; and the 
chips. were: washed with water. The digested chips 
were fiberized by agitating them in water suspension 
with an electric stirrer under standardized conditions. 
The pulp suspension was screened on a small dia- 
phragm screen and the yield of pulp and screenings 
determined. The permanganate numbers and lignin 
contents of the pulps were determined by standard 
TAPPI methods (7). 

Digestion of spruce under the conditions described 
gave results that were to be expected in normal cook- 
ing. The yield was 47.4% and the pulp of good color 
and purity. Screenings were absent, and the spent 
acid contained 0.20% of sulphur dioxide combined as 
calcium bisulphite. With Douglas fir and with spruce 
cooks to which the flavanone had been added the spent 
cooking liquor assumed a deep orange color (even 
when greatly diluted) and the pulps and screenings 
were at first a bright yellow, becoming tan on standing 
in the moist condition. Also analysis of the spent 
liquor frequently revealed that the base had been 
entirely consumed, a negative value for combined 
sulphur dioxide being obtained. 

Vacuum Impregnation with Cooking Liquor. In an 
experiment on vacuum impregnation with cooking 
liquor the chips were charged to a flask that would 
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just contain them. The flask was evacuated and cold 
cooking liquor run in. After standing some time, the 
chips were drained and cooked as usual, adding enough 
liquor to the bomb to make a total content of 200 ce. 
In a separate trial it was found that at the end of the 
110°C. impregnation period the vacuum-treated chips 
contained one-third more liquor than the Douglas-fir 
heartwood or spruce chips not evacuated. ; 

Extraction of Chips. Douglas-fir heartwood chips 
(300 grams, 93% dry) were placed in a flask; the 
flask was evacuated; and 2 liters of methanol were run 
in. The chips were allowed to remain 6 weeks with 
occasional agitation and several changes of solvent. 
They were then drained and conditioned as originally 
(30% relative humidity) for a week; loss on extrac- 
tion was 3.8%. 

Vacuum Impregnation of Spruce with Flavanone 
and Catechin. In this procedure a hot aqueous solu- 
tion of the flavanone in suitable concentration was 
placed in contact with the evacuated chips and allowed 
to stand. The liquor was then drained and the flava- 
none content computed by the gain in weight. The 
moist chips were allowed to stand a week in a closed 
container, then dried in air and conditioned at 30% 
relative humidity. 


DISCUSSION 


From the data in Table I it may be seen that 
Douglas fir sapwood (cook No. 1) containing only 
traces of flavanone and small amounts of resinous 
substances, pulped about as readily as spruce (cook 
No. 9). The heartwood (cook No. 2), however, gave 
a large amount of screenings and very impure pulp. 
The pulping of chips extracted with methanol, as in 
cook No. 3, though showing marked improvement over 
the results of cook No. 2, was still considerably re- 
tarded. This may be explained by the observation 
that even finely ground Douglas fir heartwood, when 
exhaustively extracted in a Soxhlet apparatus with a 
variety of organic solvents, still retained much of its 
original orange color and gave distinct ferric chloride 
and uranium acetate staining reactions. Thus it is 
indicated that the flavanone or associated compounds 
are not completely extractable by chemically inert 
solvents. 

Vacuum impregnation (cook No. 4) aided digestion, 
though indicator tests proved that the 3.5-hour im- 
pregnation period used was sufficient for the cooking 
liquor to reach the center of the chips. In separate 
experiments the vacuum procedure was found to in- 
crease the amount of liquor in the chips at the end of 
the 110°C. impregnation period by about one-third. 
This placed more chemical in the interior of the chip 
(where it normally may become nearly exhausted), 
presumably promoting sulphonation at the expense of 
phenolization. Cutting the chips so as to give freer 
excess of the pulping liquor to the interior (cooks Nos. 
5 and 7) gave marked improvement, and this modifi- 
cation coupled with extraction (cooks Nos. 6 and 8) 
resulted in almost normal pulping. 

With spruce wood, addition to the cooking liquor of 
such highly reactive phenols as phloroglucinol (cook 
No. 15) caused extreme retardation of the pulping 
reaction. Resorcinol (cook No. 16) was less effective 
and catechol (cook No. 17) nearly without action. 
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Table I. Sulphite Pulping Experiments 


5 pera aes 
Cook creen- ganate A rgnin 
No. Description of Cook on dao _ one 
Douglas fir 
OAD WOOd tert ees. ee. ae oak 0.2 12 2.4 
DepLLeant wOOdumay.m acts donee ee 21.8 Ssais Hilal 
3 Heartwood extracted with 
IVIEO Hae aye cre oe 5.0 28 5.9 
4 Heartwood—vacuum impregna- 
tion with cooking liquor .... 1.6 Soe 8.5 
5 Heartwood—'/ s-inch dimension 
in, laloxere= ClneOnKO a agnooboon 42 30 76 
6 Heartwood—*/s-inch dimension 
in fiber direction—MeOH 
OXGRACKE Cee eel retest cheer ose 0.1 15 
7 Heartwood—thickness reduced 
to he IN Chaves ee eee oe es 6.0 3) 8.1 
8 Heartwood—MeOH extracted— 
thickness reduced to 4/16 inch 0.2 18 44 
Spruce 
©) QAM Reh eG be eee 0.0 13 18 
10 0.9%* Douglas fir flavanone 
added to cooking liquor .... 0.1 18 3.2 
11 1.7% flavanone added to cook- 
Taye CPPS) Gy nerea Om aeee 0.2 22 4.2 
12 Wood impregnated with 1.7% : 
HaVaAnOn CMe eer. eee oa. 0.8 33 6.4 
13 44% flavanone added to cook- 
ANPP es chain eats aa vis, «3 4% xc 0.2 30 5.5 
14 Wood impregnated with 4.4% 
LER ZINOYS, os Gas oe ee ete 59 Sah) 14.1 
15 0.7%” phloroglucinol added to 
cooking INOW? 5b oto g aa aeaaee 22.3 >35 10.5 
16 06%’ resorcinol added to 
cooking liGUOTae es ots 22) 35 9.0 
17 0.6%” ail added to cook- 
ing Ip OTEE ere eA. Gee: 0.1 17 29 
18 1.7%" d-catechin added to 
cooking-liquor ...2..|......% 03 25 5.7 
19 Wood impregnated with 1.7° 
CALCCHINM ee mere be es 4.1 Sa) HLS} 


“In all cases amount of chemical was based on dry wood charged. 
A > Amount used approximately the molecular equivalent to the 1.7% 
_ flavanone. 


The flavanone and cathechin (cooks Nos. 10, 11, 13, 
and 18) were only mildly reactive; 4.4% of the flava- 
none (much more than is naturally present in the 
Douglas fir heartwood) was necessary to produce 
markedly impure pulp. When these phenolic sub- 
stances were impregnated into the chips before diges- 
tion (cooks Nos. 12, 14, and 19) they produced con- 
siderably greater retarding effect. 

Though it is apparent that the phenols are important 
in the sulphite pulping resistance of Douglas fir heart- 
wood, the total effect appears to be the result of sev- 
eral interrelated factors that are difficult to separate. 
From the data obtained and from the observations of 
Erdtmann and others, however, a reasonable explana- 
tion of the pulping resistance of this species may be 
formulated. From the standpoint of pulping behavior 
the extraneous matter in the heartwood may be classi- 
fied as follows: (1) phenolic compounds (chiefly poly- 
hydroxyflavanone) soluble in organic solvents; (2) 
nonextractable phenolic substances; (3) nonphenolic 
extractives, largely resinous; and (4) deposits (insolu- 
ble in organic solvents) which lend impermeability to 
the wood. When an attempt is made to pulp this 
heartwood the penetration of cooking liquor is retarded 
by the extractable and nonextractable extraneous sub- 


1 An instance was observed at the Laboratory in which a sample of 
the heartwood markedly resisted soda pulping. 
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stances. Even if penetrated, the low permeability 
lessens the diffusion of chemical into the interior of 
the chips and the lignosulphuric acid out, thus retard- 
ing the sulphonation reaction. The phenols present 
tend to condense with the lignin to form substances 
insoluble in the cooking liquor, a reaction in direct 
competition with normal sulphonation. The speed of 
this reaction is controlled by such factors as the tem- 
perature, the hydrogen-ion concentration, and the 
concentration of the phenols. These phenols, although 
not especially reactive toward lignin in dilute solution 
(in comparison with such phenols as phloroglucinol 
and resorcinol), are concentrated in the zone of reac- 
tion; that is, in the wood tissue, the low permeability 
of the wood tending to retard their extraction and dilu- 
tion. Furthermore, the phenols and other extraneous 
matters in themselves or in consequence of their pulp- 
ing retardation promote decomposition of the cooking 
liquor, which, in turn, causes further retarding effect. 
The net result is much unpulped wood (screenings) 
and impure pulps. 

Pulping is favored by conditions that promote 
sulphonation or retard phenolization of the lignin. 
Vacuum impregnation and high sulphur dioxide con- 
centration of the liquor (1) aid sulphonation by sup- 
plying more chemical in the reaction zone. Short 
chips, thin chips, and sawdust give better pulping 
because the high impermeability of the wood is in part 
offset, improving diffusion of chemical into the central 
portion of the chips and of lignosulphonic acid and 
phenols out of this region. Better pulping at low tem- 
peratures is obtained (1) because phenolization and 
sulphonization reactions have different temperature 
coefficients (3), the sulphonization reaction being 
favored. 

To summarize, Douglas fir (and pine) heartwood 
resists sulphite pulping because it contains phenolic 
substances and because it has low permeability. The 
phenols tend to form insoluble phenol-lignin com- 
pounds. The low permeability retards penetration 
and restricts normal diffusion of chemical substances 
in and out of the chips and also tends to maintain the 
soluble phenols at high concentration (and therefore 
at a high degree of effectiveness) in the interior of the 
chips. Associated with these effects is the decomposi- 
tion of the cooking liquer, which, in turn, causes 
further pulping retardation. 

Apparently, Douglas fir heartwood reacts more or 
less normally toward sulphate pulping,? although 
the phenolic substances were found to react with lignin 
in alkaline as well as acid solutions (3). The fact 
that the flavanone may be changed to a variety of 
highly colored substances suggests, however, that the 
high bleach requirement of Douglas fir sulphate pulps 
may, in part at least, arise from this source. 
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Instrumentation of the Groundwood Pulping Process 


J. N. FRANKLIN 


In discussing instrumentation the whole process must be 
considered and each step analyzed. 

In the groundwood pulping process, uniformity from 
start to finish is required. Instrumentation should give 
as precise a picture as possible of the achievement of such 
uniformity and serve to control wherever possible. 

First consideration is given to the operator. Upon the 
ease with which he can measure and the speed with which 
he can react to correct faulty measurement depends the 
success of the whole venture. 

This paper attempts to show present, and _ possible 
future, uses of instrumentation at each step of the process. 
It points out what must be accomplished by such instru- 
mentation in order that this equipment be not just justi- 
fiable but strictly essential to efficient operation. 

The groundwood pulping process is assumed to include 
all functions from log pond to machine. 

e 


Tus paper will attempt to analyze the pulp- 
makers daily problem and show where presently avail- 
able instrumentation can be of service to him in his 
work and also where he is hampered by the lack of 
suitable measuring and controlling devices. In other 
words the objective of uniformity of every step in 
the process of pulp manufacture and treatment will 
be considered with the question always in mind: how 
best can instrumentation be of service and what 
further developments are necessary before the pulp- 
maker can be given the very last of the measuring 
and control devices he needs. 

Nothing new will be presented though it is possible 
that the approach may be novel to some as it is not 
always that the over-all needs of the process and of 
the men responsible for operation are considered when 
new instrument equipment is applied. 


THE MEASUREMENT OF PULP QUALITY 


It will surely be contended by some, and they may 
very well be right, that the measurement of pulp 
quality is so difficult that the making of pulp will 
forever remain an art controlled mainly by the in- 
spection of the blue grass and the skill of the stone 
sharpener. 

To such a premise it is contended that it is the 
purpose of instrumentation to assist these men in their 
inspections and their skills, to make the inspections 
continuous and recordable rather than dependent upon 
spot samples, and to try in every way possible and 
with every means to correlate the observation and 
skills of one man with those of another and of one 
group with another group. It must be readily agreed 
that no two men will have identical reactions to any 
one observation and when such personal discrepancies 
are multiplied by the number of responsible men in a 
mill and by the number of mills in the industry it is 
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easy to see the potential lack of uniformity which 
exists. 

It has always been the writer’s contention that the 
operator who is provided with instrumentation has to 
be a better operator than the man who relies on his 
own observations. Here is the reason for this con- 
tention. The man with instruments has many more 
landmarks to guide him. These are useless to him 
unless he can read them correctly and interpret them. 
When he can do this he is certainly able to steer a 
much straighter course at each step in the process 
toward uniform pulp to the machines than is his 
brother who is limited to one or two landmarks. He 
must, therefore, be skilled in correlation of lines on 
charts with conditions in the process in addition to 
being as skilled as his brother in operating without 
such charts. The reason for this last statement, often 
overlooked, is that instruments, like all other me- 
chanical equipment, can and will go wrong. It is of 
vital importance for the enlightened operator to be 
aware of this fact and be prepared for it. He should 
be able to recognize an instrument that is not tell- 
ing the truth and be able to compensate for the error 
until he can get it repaired. This is particularly true 
of controllers. 

Thus it is that instruments, far from relieving the 
operator of responsibility, actually increase the de- 
mands upon his intelligence. While they may save 
him considerable time, many steps, and make his 
work more enjoyable, they will never relieve him of 
his responsibility for producing good pulp. 


SECTION I: EQUIPMENT AND ITS FUNCTION 


It has been thought advisable to divide the paper 
into two sections. The first section will examine the 
process and suggest what is required. The second will 
give details of the existing instrumentation equip- 
ment as well as sketch the developments required. 

So many of the difficulties encountered in the 
groundwood mill are credited to the wood supply 
that it would be useful to weigh the wood and obtain 
its moisture and density as well as to know. the actual 
amount of wood ground in each grinder unit. The 
question of weight is relatively simple though normally 
a rather expensive installation is necessary. 

When wood is delivered by truck and railway as 
well as by water the problem is of course much more 
involved and when it is further divided, after barking, 
to the groundwood, sulphite, and storage sections it 
is increasingly difficult. The difficulty generally arises 
through lack of either space or money or both as the 
actual measurement devices are well known. It is 
well to ponder the fact that methods used to estimate 
wood deliveries, in contrast to precise measurements, 
can usually be shown to contain errors of —5 to: 
+10% or even higher. This is purely an accounting 


Vol. 32, No.1 January 1949 - TAPPI 


and yield problems and accountants are usually insis- 
tent upon much closer measurements of deliveries. 
It is well to keep in mind the fundamental difference 
between the three unrelated processes of counting, 
measuring, and estimating. 

Continuous moisture and density determinations are 
by no means so easy though equally important in 
accounting and operation to the measurement. of 
volume and weight. 

The wood supplied to each unit or grinder is much 
more important from the point of view of the pulp- 
maker. It gives him his grinding rate by shifts or 
from hour to hour if he wants to read it for any 
special work. 


GRINDER OPERATION 


‘In general the large grinders at present in use con- 
sist of the continuous, the hydraulic or pressure foot, 
and the Roberts types. 

In the interest of uniform stock quality it is neces- 
sary to apply the wood to the stones in such a way 
that the action of the stone on the wood, regardless 
of the wood species, produces a fiber of uniform 
quality. 

It is well known that groundwood pulp is a mixture 
of long fibers and short fibers, free stock and slow 
stock. Any standard measurement which is set can 
only be approached from either side. For instance, 
a standard freeness of 150 might be set for a com- 
posite stock from say 30 stones. It is conceivable 
that if each individual stone was tested 15 might be 
giving 100 freeness stock and 15 giving 200 freeness 
stock. The mixture would, conceivably, be giving the 
desired freeness. A much better stock would have 
variations or deviation from the standard of only 10 
points. Thus, no individual grinder would give below 
140 and none above 160. 

The point to be made is that, in all uniformity 
studies, the deviation from the standard is usually of 
far greater importance than the average and all work 
should attempt to have the deviation as close to zero 
as possible. 

Now it will probably be argued with considerable 
vehemence and considerable truth that, because it is 
impossible to make a uniform stock on all grinders, 
a wide deviation is a safety measure so that any 
serious rise or fall of the average can be quickly 
remedied by severe treatment on one stone. 

It is the contention of those interested in instru- 
mentation that it should be possible to measure values 
sufficiently easily and accurately from each individ- 
ual grinder that wide variations of the whole would 
be impossible, and that any serious variation in an 
individual grinder would be picked up and remedied 
in the shortest possible time. 

This must be considered to be the aim though not 
yet an accomplished fact. 

Grinder control involves four separate though re- 
lated functions: (1) motor load control; (2) control 
of wood pressure on the stone; (3) control of pulp 
temperature which involves also temperature, pres- 
sure, consistency, and flow control on the water which 
is used on grinder showers; and (4) the whole ques- 
tion of the control of stone treatment. 
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Motor Load Control 


In considering the hydraulic type of grinder an 
interesting problem develops when the number of 
times per day that pockets are filled are considered. 
In a line of grinders with four pockets on two stones 
similar stock conditions cannot prevail when three 
pockets are being used to load the motor to the same 
load value (as controlled by the load controller) 
whenever one pocket is being refilled. Thus there is 
one sample of a variation in operation being used to 
compensate and correct a load change on a motor 
when, from a purely pulpmaking standpoint, the re- 
verse should be true. The same argument applies 
more or less to the other types of grinders, and while 
it is an interesting problem it is a very difficult one 
to overcome because it is well known that, especially 
with the small power plants in use at some of the 
remote paper mills, large power swings cannot be 
tolerated. Therefore pulp quality must take second 
place to power house operation: a bad situation from 
the point of view of stock quality. 


Control of Wood Pressure on the Stone 


Again, considering the hydraulic type of grinder, it 
would not be very difficult, from a purely control 
angle, to maintain constant pressure in the rams of 
the individual pressure foots while backing one off for 
reloading or during uniform operation when wood 
species or hardness, and therefore grinding rate, 
changed. This is not necessarily offered as a solution 
first because it would probably be impossible to 
govern a power station under such conditions and 
secondly because constant pressure, when exerted on 
knots, ete., may be little better than constant load. 
It is merely meant to promote discussion among the 
experts in the pulp field and the experts in the control 
field of which the writer is obviously neither. 

The present-day control systems, such as are used 
in the continuous and Roberts type grinders, may be 
adequate to provide a stock of sufficiently uniform 
characteristics that it can be fabricated into a sheet 
of newsprint but it would be very interesting to know 
just how good a sheet the papermakers could make if 
the fine, coarse, and medium aggregates were provided 
in the best possible manner and ratios. 


Control of Pulp Temperature 


It is well for the pulpmaker to realize that the 
amount of heat he furnishes to the stock in the grind- 
ing process and the efficiency with which that heat is 
subsequently conserved governs to a very great ex- 
tent the formation of the sheet on the wire, its drain- 
age, as well as the growth of slime-forming micro- 
organisms in the whole pulp system. 

Heat available at the grinder pits is controlled 
partly by the heat of grinding or loading of the wood 
on the stone and partly by the heat content of the 
stone shower water and subsequent dilution waters. 
The first factor, heat of grinding, depends on stone 
surface, pressure, and horsepower per ton required. 
This in turn concerns the wood species, amount of 
regrinding, etc. Thus, from the instrumentation point 
of view, the motor load controller and the grinder 
pit temperature controller are important. 
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The effectiveness of the grinder pit temperature 
controller in assisting to provide uniform stock has 
frequently been questioned. There is no doubt that 
grinder pit consistency has as much if not more in- 
fluence on stock uniformity as has temperature. The 
control of temperature, however, has been in many 
cases the easiest way of putting one variable on a 
chart and as such has been another landmark to guide 
the pulpmaker. It has been suggested that the index 
of the temperature controller should be adjusted from 
time to time in order to maintain pit consistency at 
a reasonably constant value. 

As far as instruments are concerned it should not be 
too difficult to install a consistency “pickup” in the 
grinder pit, take it outside by means of, say, a torque 
tube, convert it to an air pressure and reset, auto- 
matically, the index on the temperature controller by 
variations in consistency. 

It is sometimes found that such controllers as the 
grinder temperature controller are installed using 
white water for dilution without sufficient attention 
being paid to the characteristics of this dilution 
medium. Obviously the temperature, pressure, and 
consistency of this water will have a marked bearing 
on the results obtained from such controls. It is 
quite impossible to effect good temperature control by 
using a dilution medium which itself has wide varia- 
tions in temperature and whose flow through the con- 
trolling valve is limited one minute by lack of ade- 
quate pressure though flushed by a pressure increase 
the next. Uniformity must therefore go right back to 
the begining in each case. 

Such an arrangement would leave only freeness, 
classification, and fiber length of the present known 
measurable variables with which to deal. Con- 
tinuous measurements of these three variables are 
difficult. No doubt, in the near future, a satisfactory 
continuous freeness machine will be developed. 
When this is available it will merely be necessary to 
reset the motor load controller by the freeness varia- 
tions to obtain a reasonably constant stock freeness, 
assuming a sound stone treatment program. 


The Control of Stone Treatment 


For uniform or well mixed, well seasoned wood with 
controlled wood-to-stone pressure it is necessary that 
the stone surface should be as uniform as possible. 
This is a field which has interested the instrument 
men for some years with scant success as they have, 
so far, been unable to give the pulpmaker and par- 
ticularly the stonesharpener much assistance in the 
way of landmarks to guide him. 

The stone makers are producing a much more uni- 
form stone than it was possible to obtain some years 


ago. This is a great advance but it would still be 


more useful if the wearing effect of the wood on the 
stone could be measured and, when the time came 
for treatment, it be known that such treatment was 
applied uniformly across the face of the stone and 
at the correct pressure to ensure the desired imprint. 
This latter measurement may not be too far away. 


PULP DILUTION AND SCREENING 


_ Pulp, therefore, flows from the individual grinders 
in as uniform condition as it can possibly be made. 
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It is still a compromise of fairly wide extremes; con- 
tains many unground knots, nugs, and long shives 
and slivers; and must be conveyed, usually without 
the aid of pumps because of the size of the unground 
material, to the coarse screens. Such material is 
allowed to flow to the coarse screens although opera- 
tors are fully aware that these screens operate at their 
best efficiency when supplied with stock of uniform 
flow and of uniform consistency. us é 

In the groundwood pulp mill, therefore, 1t 1s unl- 
formity of the stock which enters and leaves the 
erinder canal which governs the ease of operation and 
ultimate uniformity of the product. 

In order to furnish the coarse screens with stock of 
a constant consistency and at a constant volume it 1s 
necessary to first add the correct amount of dilution 
water to insure correct and uniform consistency and 
then to regulate the flow of this mixture to the coarse 
screens. 

The first step is relatively easy and is done in 
several mills by measuring the consistency of the 
coarse screen effluent (this is the stock free of heavy 
material which would plug most controllers) and con- 
trolling the dilution water valve from this point. 
This assumes that the amount of rejects from the 
screens is reasonably constant and that therefore the 
consistency measurement after the screen is a fairly 
accurate representation of the consistency before the 
screen. To be certain of eliminating this added vari- 
able some attempts have been made with considerable 
success to measure the consistency entering the screen. 
This is done with a device which either rejects the 
knots or allows them to pass over or through without 
interference. The sampling possibilities and head 
available on this gravity part of the system usually 
dictate the method used. 

The control of volume to the coarse screens is a 
more difficult problem. In order to control volume or 
flow adequately in any process it is necessary to have 
capacity back of the controlling means. Due to the 
heavy materials present in the stock leaving the 
grinders it is usually impractical to pump it, and 
therefore little or no capacity is provided between the 
grinders and the coarse screens. Nor is there usually 
any available head to permit even a small pressure 
drop across a controlling means. Where the grinder 
canal is deep and wide and would permit a certain 
amount of variation in level it is a relatively simple 
problem to maintain a constant level in the coarse 
screen pit by a self-cleaning, damper type valve at 
the entrance to the screens actuated by a standard 
level controller in the coarse screen pit. 

Such a level controller operates also to maintain a 
constant suction head on the screen discharge pumps 
thus gaining uniformity of supply and discharge. 
Again, however, no capacity is usually provided be- 
tween the coarse and the fine screens. Some may be 
gained by setting the level controller in the coarse 
screen pit on a wide range so that the greatest capac- 
ity is utilized without the pumps losing suction or the 
screens overflowing. This is a simple matter on the 
present-day instruments. 

Such utilization of all available capacity permits 
the use of another level controller on the fine screen 
feed flume which keeps the head on the fine screen 
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feed constant for any operating conditions. Such a 
controller has the added advantage of eliminating the 
overflow line from the fine screen header back to the 
coarse screens. 


‘ 
ELIMINATION OF OVERFLOW 


This latter consideration is one of the most im- 
portant contributions of instrumentation. It is fre- 
quently if not always overlooked. With properly 
applied controls it is possible to have a straight- 
through system with no overflows whatever. The im- 
portance of this fact will be immediately apparent on 
consideration of: (1) the power required to pump the 
run-around, and (2) the relative cleanliness of a pres- 
sure and gravity line. ‘It is always the gravity over- 
flow lines which are the sources of dirt and of slime 
growth. This is particularly true of mills with a bad 
slime problem as the temperature in these lines is 
usually sufficiently lower than the main system to 
promote slime growth. (3) That, in new installations, 
it is sometimes possible to save the entire cost of the 
instruments and controls by eliminating the material 
and installation costs of large overflow lines. 

The above considerations are so important that it 
is felt that they should be repeated at each step where 
control vs. overflow is discussed. For brevity, of 
course, this will not be done. 


SCREENING 


The customer is forever complaining about dirt in 
the sheet, and, of course, the customer is always right 
or at least he probably will be again in a very few 
years, possibly months. 

Thus it is that anything that will improve screen- 
ing will decrease dirt and will keep customers happy. 
Uniformity of feed flow under constant pressure is 
one sure way to improve screen performance. The 
flow of stock to the screen is not difficult to measure 
but the devices used require room, and space here is 
usually at a premium. The level controller already 
described will keep a constant pressure or head on the 
-sereen. Screen performance can then be gaged by a 
flow measurement of feed, tailings, and possibly ac- 
cepted stock though one of these may well be com- 
puted by difference. The venturi flume with level 
recorder or the more expensive but more accurate 
and versatile area meter are adaptable to this service. 

When considering screening the extraordinary in- 
fluence of the screen shower on pulp cleanliness and 
quality should never be overlooked. The efficacy of 
a shower depends largely on the temperature, pres- 
sure, flow, and consistency of the water supplied to 
the shower. Some or all of these can be controlled 
to individual screens or to groups as arrangement, 
economy, and results dictate. 

This question of water pressure, not only for screens, 
but for all pulp mill, paper mill, and contributing 
operations is so important that new designs might 
well call for sufficiently higher head pumps so that 
some pressure control system can be provided for 
individual services or for whole areas. Standards of 
pressure, set to conform to best operating practice and 
maintained within the limits possible with a modern 
controller, will pay handsome dividends in sheet clean- 
liness and over-all uniformity. 
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Control of the thickening process in which the pulp 
is prepared for storage, consistency control, and pro- 
portioning to other components of the furnish is a 
relatively simple matter. Here again, however, uni- 
formity demands close attention to vat level, filtrate 
outflow, and wire condition. The first two can be 
recorded easily though the type of filter or decker 
used will govern the necessity and value of instru- 
mentation. Certain it is, however, that at this point 
the operator has the best opportunity to mar an other- 
wise perfect blend of pulp by errors in judgment of 
how much unthickened stock to bypass. The more 
landmarks that can be given to him the closer he will 
come to supplying the machines and the storage re- 
serves with pulp uniform in consistency, freeness, and 
temperature. After all one of the best indications 
of freeness is a well cleaned wire on a decker operat- 
ing under constant feed conditions. If the level in the 
vat is controlled the output air pressure of the con- 
troller can be calibrated in freeness; or if the level is 
allowed to vary a record of it can be used as a picture 
of freeness. 


STORAGE, CONSISTENCY CONTROL, AND 
PROPORTIONING 


From the point of view of uniformity the storing of 
pulps, particularly in the less modern mills, has pos- 
sibly' a greater effect than any other single factor. 
The power that is saved by straight through flow us- 
ing level control could be expended on agitation, cir- 
culation, and blending to great advantage. Certain it 
is that the intimate blending of stored pulps in the 
largest quantity possible carried on the uniformity 
program and allows stock to be fed to the consistency 
controllers of such a uniform quality that these con- 
trollers have little or no work to do. This is as it 
should be and ensures that the subsequent consistency 
control, either single or dual if necessary, will be 
enabled to take out the last bit of weight variation. 
Control of basis weight on the machines reflects this 
function to a very great extent. 

As the work required of the consistency controller 
becomes less and less by virtue of the increased em- 
phasis on uniformity in previous sections of the mill 
so the controller dilution water becomes more im- 
portant than ever. In one ease where a controller of 
this type was tried on the mixed stock to a news 
machine using a small percentage of filler it was found 
that the variation in the filler retention in the white 
water changed the final basis weight sufficiently to 
warrant removing the controller entirely. (Control 
of mixed stock incidentally is far more difficult than 
control of components.) It must therefore be stressed 
that water of uniform consistency, temperature, and 
pressure is necessary for good consistency control. It 
appears also to be far better to have low pressure 
water and large valves than the reverse though the 
original cost of the valves may be considerably greater. 

Finally, the second stage consistency controller 
feeds the stock proportioner, either of the conventional 
paddle wheel type or the more modern area meter 
type, before entering the mixed stock chest. A level 
controller on the mixed stock chest resetting the flow 
through the master proportioner keeps the head on the 
pump to the machines constant so that constant supply 
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of uniform stock to the machines is assured at all 
times. 


AUXILIARIES 


Of course the man in charge of operations will be 
assisted greatly if all recorders and controllers are 
assembled in one place so that he can examine the 
whole recordable unit under his control without mov- 
ing more than the length of the panel board. 

Of great convenience are level recorders on all 
tanks with red and blue prominent lines (or suitably 
marked lucite sectors) showing the range of the most 
satisfactory operating levels as well as the overflow 
level for each tank. 

Where some materials are conveyed out of the 
system, either to refiners or to sewer, parshall flumes 
with suitably marked level recorders furnish a com- 
plete picture of otherwise uncontrolled outflows. 

The actual instruments involved in this discussion 
together with alternate layouts and limitations will 
be discussed in Section II of this paper which will 
be presented as an appendix for reference rather than 
enter the present discussion. The reasons for instru- 
mentation and its operational value and implications 
are far more interesting and leave far more scope for 
discussion than does a catalog of instrument specifi- 
cations. 


SECTION II: EXISTING INSTRUMENTATION 
AND REQUIRED DEVELOPMENT 


Wood Measuring Devices (Wood, volume, number of sticks, 
etc.) 


Werghtometers. Continuous weighing machines of 
various makes are available which can be adapted to 
weighing wood on conveyors going to any section of 
the mill. When the total weight is determined, how- 
ever, the problem of moisture and density still remains. 

Volume Measurement. The measurement of wood 
by volume is well covered in the experiments and de- 
velopments made at the Ontario Paper Company. 

Area Integrators. The use of electronic devices to 
indicate the solid area of the wood piled on flat cars 
or tiered at the pile is useful when all wood going to 
the mill is so handled but is of no value for loosely 
piled wood. 

Log Counters. Electronic counters which record 
each stick as it passes over a conveyor are being de- 
veloped. 


Wood Moisture 


The all important factor of wood moisture has not 
yet been the subject of sufficient study to obtain a 
record and mills are still dependent on moisture 
determinations on more or less representative samples. 


Wood Density... 


The same remarks apply to wood density though the 
experiments of the Ontario Paper Company tend to 
compensate for this figure. 


The Measurement of Wood to Individual Grinders 


The standard method in general use employs a chain 
or a circular toothed saw. When these are calibrated 
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against the average run of wood to the mill a fair 
result of the wood delivered to each grinder can be 
obtained. If, however, the size of wood varies mate- 
rially, the hour-to-hour and day-to-day results will 
be subject to more or less error. ‘ 

Recording Equipment. Any amount of elaborate 
equipment could be installed on the individual grind- 
ers, such as individual weightometers, but the cost 
of such installations is prohibitive and except IN UDe 
usual circumstances or in test runs cannot possibly 
be justified. 


Grinder Operation 


(For an excellent treatise on averages and devia- 
tions see the paper presented under the auspices of 
the Process Instrumentation Committee, C.P.P.A., 
January, 1948 by Charles Bicking.) 

Motor Load Control. The maintenance of constant 
load by a load controller is a simple control problem. 
It has been thrust upon the groundwood people by 
the power people and is contrary to all principles of 
good stock control. The solution of this problem 
requires close cooperation between and study by the 
grinder builders, the power equipment manufacturers, 
and the instrument and control people as well as the 
pulpmaker. It must be solved before. the latter has 
good control over the quality and uniformity of his 
product. 

Control of Wood Pressure on the Stone. Here is an 
example of a control actuated by something other than 
the desired value: an anachronism. In all pressure 
control problems the desired pressure must be known, 
thus be measurable and be measurable continuously. 
Then and only then can a corrective means be actu- 
ated by the measuring means until the value of the 
measuring means is a constant or nearly so. 

Think of any pressure controller on steam or water 
(or anything else) and this will be apparent, but it is 
desired to control the pressure of the wood on the 
stone without measuring that pressure! This pressure 
is not measured and used as a control, but something 
entirely different, motor load, is determined and ap- 
pled as a control. That it is entirely different is 
much more evident in the four-pocket, two-stone 
grinder line than in any other, but the fallacy exists 
on all types though the Roberts tends to overcome it. 

Control of Pulp Temperature. The standard pulp 
temperature controller is well known. It consists of 
a temperature responsive bulb specially designed to 
give an average temperature across its 4-foot span, to 
transmit this to a conventional temperature controller 
which in turn controls the flow of white water to the 
grinder showers by means of a conventional control 
valve. The mechanism is simple; its value in paper- 
making questioned by many. It undoubtedly tends 


to iron out one variable; to get.something under con-—. 


trol: this is of prime value but if in doing so it upsets 
other relationships some further study is necessary. 

The temperature which is important is the actual 
grinding temperature, the temperature at the point of 
contact of wood and stone. The best means available 
of approaching this value is the present controller, It 
is not the ultimate and progress must be made. 

Pulp Consistency. Of far greater importance, say 
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some well-informed operators, than constant tempera- 
ture at the point now measured (note that it is the 
point of measurement that is questioned not the value 
of temperature control per se) is constant consistency. 

In the drive for uniformity it would seem probable 
that, ultimately, pulp will be emitted from the grinder 
pit at constant temperature, constant consistency, 
and constant freeness. That will be the day! But 
instrumentation people cannot rest complacently until 
it is achieved. 

As a step toward control of consistency thought 
should probably be directed back to the days when 
beater operators in the fine paper industry used coun- 
terweighted bars immersed in their stock to indicate by 
their position when the stock within a beater was of 
the same consistency as the last beater dropped. This 
principle of measuring the height of a float in a stream 
of stock is used now on some designs of consistency 
controllers. There seems little reason to believe that, 
if the float or floats are shaped correctly to prevent 
hang up of shives, a satisfactory controller cannot 
be produced. By satisfactory is meant one that will 
control within fairly wide limits, say 3 + 0.20%. 
This device would be used to reset the index pointer of 
the temperature controller. 

Dilution Water Control. It is unreasonable to ex- 
pect any controller to operate satisfactorily unless the 
controlling medium is itself uniform. This statement 
should be considered extremely carefully as the author 
has good reason to believe that it is scarcely considered 
at all in average paper mill control practice. It is 
fundamental, however, with the grinder temperature 
controller. At, say, 180°F. the controller positions the 
valve at mid position. With 50 p.s.i. white water up- 
stream of the valve the flow may be 100 g._p.m. Now 
someone may want to hose down a bull screen or dilute 
the stock canal and opens a 4-inch hose from the valve 
supply header. The pressure is reduced to 25 p.s.i. 
causing a resultant flow through the half open valve of 
70 g.p.m. and causing the temperature to rise. Cor- 
rective action from the controller opens the valve wide 
and by this time the man with the hose has shut it off. 
The 50 p.s.i. upstream of a wide open valve calls for 
drastic corrective action, and the system is in an un- 
balanced cycle. Pressure and temperature control is 
relatively simple to obtain with conventional instru- 
ments correctly applied. 

Freeness Control. Freeness control is by no means 
simple. The problem of continuous measurement of 
freeness from each individual grinder pit must be 
solved before control is possible. Once such a meas- 
urement is a practical reality it will be a simple matter 
to reset the control which keeps a constant pressure of 
wood to stone. 

Thus, to produce uniform groundwood a constant 
flow of uniform wood at constant pressure against a 
constant. speed stone.of uniform and. maintained sur- 
face characteristics is required. When the density of 
the wood changes as shown by the resulting freeness 
more or less pressure must be applied at the wood- 
stone interface so that stock characteristics remain 
uniform. Any attempt to control the input to the 
grinder motor by variations in this wood-stone pres- 
sure should be sedulously avoided in the interests of 
good uniform quality pulp. 
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How to obtain these results? The first necessity is 
a consistency controller resetting the temperature con- 
troller. This provides pulp delivery from each grinder 
at uniform consistency and moderately uniform tem- 
perature, at least within known and controllable limits. 
With uniform consistency pulp it is not too difficult to 
measure quite accurately the pulp freeness with the 
present designs of decker-type measuring devices. It 
will probably be necessary to eliminate slivers before 
such a measurement but even this refinement may 
not be necessary. 

Once such a freeness measurement is possible it 
merely remains to reset a pressure controller from it. 
This pressure controller maintains constant pressure 
of wood on stone. In the hydraulic-type grinder it is 
actuated by the water pressure on the pressure foot 
(note again that this must not be used to stabilize the 
input power to the motor); in the continuous-type 
grinder it is produced by the pull of the chains on 
the wood; and in the ring type grinder by the speed 
of the feed ring. 

Stone Treatment Control. It should be quite pos- 
sible to adapt the principle of press roll loading to 
furnish the stone-sharpener with a known, and re- 
corded, pressure of his burr on the stone. This device 
would measure the pressure now exerted in the man- 
dril and does involve the same limitations that apply 
to the press loading control. All linkages and rubbing 
surfaces must be maintained at a zero or uniform 
friction effect. The stone sharpener should be able 
to produce, for each treatment, a chart similar to a 
steam engine indicator diagram showing: (1) the 
pressure, (2) the time, and (3) the position of the 
burr on the stone at any given time. It is believed 
that all components of such a device are now available. 


Screening Control 


Control at the coarse screens involves level control 
of the screen pit, which is simple and conventional, 
and also thin stock consistency control. 

The control of thin stock (0.5 to 1%) is not simple 
nor conventional. It is accomplished in a number of 
ways still in the development and experience stage. 
The major difficulty here is to isolate the consistency 
and freeness functions. With either one constant it 
is not difficult to measure the other but with both 
varying it is next to impossible to call a drainage rate 
of the stock anything but a “stock characteristic” and 
let it go at that. However, with relatively constant 
freeness the regulators which work on the “decker” 
principle are quite satisfactory. 

The scanning of the pulp stream by one or more 
photoelectric cells is used for a consistency measure- 
ment and control. This is the only one at present that 
attempts to eliminate freeness effects and is reported 
satisfactory though admittedly it requires considerable 
attention and frequent calibration. 

The float types are offered though their sensitivity 
must leave a great deal to be desired, because this 
type, while used on thick stock (2 to 4%) for many 
years, were never noted for intrinsic accuracy though 
they did have much to commend them. 

On the satisfactory solution of this stock regulation 
hinges the simplicity of the newsprint industry. With 
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an efficient regulator there is little reason to believe 
that stock cannot flow directly from the screens to 
the paper machines without deckers, etc., thus cutting 
out entirely at least one of the “thick-thin” stages in 
manufacture. The advantages of such a system are 
many, and its acceptance will be all the more rapid 
if controls are such that uniformity is achieved at the 
beginning of the pulping process. 


Thick Stock Consistency Control 


While there are many simple recorders and con- 
trollers the one around which there is considerable 
controversy is the thick stock consistency control. It 
is very right and proper that this device should be 
the center of so much attention because upon its opera- 
tion depends the basis weight of the sheet produced 
and hence the all-important customer satisfaction. 

There are two major divisions of controllers: (1) 
the viscosity type, and (2) the torque type. 

The viscosity type uses the change in viscosity of 
pulp flowing through a curved or a restricted straight 
path to actuate the controlled valve either by a stand- 
ard level controller or by a direct float controlled 
mechanism. 


The torque type uses the change in resistance to 
turning produced by variations in consistency to posi- 
tion a balanced motor and so a controlled valve. 

Whatever the method the following are essential to 
good consistency control: 

Good Sampling. No measurement is any better 
than the sample. Those devices which use the total 
flow of stock may have considerable advantage from 
this point of view. A study of a slide rule type cal- 
culator recently put out by a well-known equipment 
manufacturer will show that the friction losses in pipes 
leading to regulators vary very materially when con- 
sistencies vary from, say, 21/2. to 31/2%. Thus, with- 
out proper sampling design the attendent piping may 
respond to a greater extent than the measuring device. 

Viscosity vs. Freeness vs. Temperature Appreciation. 
With the viscosity-type consistency control freeness 
and temperature must be kept within close limits to 
avoid errors. 


Elimination of extraneous effects such as cleaning 
sprays and anything else which will change to even a 
slight degree the sample as it flows through the various 
components of the meter. 

Ease of valve operation is especially essential to 
good consistency control. The valve must be of the 
correct design to furnish the dilution water as re- 
quired and must also be actuated by a sensitive con- 
troller equipped with sufficient responses to allow it to 
be “tuned” to the process accurately. 

Thorough mixing of dilution water for obvious rea- 
sons though not always provided. 

Ample and frequent checking by competent men 
both as to the mechanical functioning of the instru- 
ment and the testing of resultant pulp. It should be 
possible to produce a consistency controller with far 
less “error” than exists in the technique of sampling 
and testing a laboratory sample. 
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Proportioning and Machine Chest Level Control 


The conventional displacement (or paddle) type 
proportioner is well known. The use of the area meter 
principle coupled to one or more ratio controllers is 
a relatively new development which shows consider- 
able promise. Not the least of its virtues 1s that of 
requiring no overflow. (It might be stressed here 
that ultimate control of any process demands straight- 
through operation with no returns, no overflows, and 
no hold-up in large tanks.) This solution to the prob- 
lem illustrates the use of standard flow meters in 1n- 
teresting ways and opens up a whole new field of 
thought. 

The resetting of the paddle-type or the area meter- 
type proportioner from the level in the machine chest 
or by the demand of the machine uses conventional 
equipment. 


Auxiliaries 

There is much interesting auxiliary equipment in 
use in pulp mills. 

Parshall Flumes. While only an adaptation of the 
conventional flow meter, the open channel venturi 
flume is a‘simple and effective device for measuring 
rejects, either stock or white water, from any part 
of the system. Records can be transmitted to the 
operator’s location so that his work is simplified con- 
siderably. 

Saunders Valves. The Saunders-type valve is par- 
ticularly suited for use on pulp. It can easily be made 
“controlling” by the installation of the conventional 
diaphragm operated superstructure. 

Butterfly Valves, while not new, are being introduced 
into the pulp mills with the area-type proportioner 
and may. find many uses elsewhere. They also can be 
controlled from an instrument or remotely operated 
by hand. 

Stock Valves. Automatic water dilution valves are 
now equipped with water purges to keep accumula- 
tions of slime-forming stock to a minimum. Hand 
gate valves are now designed with sealing apron which 
does away with the bonnetted gate valves which 
always collect decaying stocks contributing to heavy 
slime build-ups at some season of the year. 

Panel Boards. With the present availability of 
transmitting equipment, advantage is being taken of 
the centralized panel board. Such a panel permits the 
operator to check his whole system without moving 
far away. Such boards add to the appearance of even 
the most dingy room as well as winning instant ap- 
proval from the foreman whose movements are re- 
duced. Much more use of remote hand-control valves 
is Justified in a large mill even if metering equipment 
is kept to a minimum. 

It is rather easy to indicate what should be done to 
make a process efficient and its product uniform. It is 
another matter to produce the process so controlled. 
There is, however, nothing radically new in the above 
approach, and none of the problems are insurmount- 
able. They must all be solved before the extra quality 
newsprint which everyone is talking about will become 
an actual reality. 
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TAPPI DIVISIONS AND COMMITTEES 


Recent Reports of Activities 


Report of the Executive Committee 


Following is a report of the most recent meeting of the 
executive Committee of the Technical Association of the Pulp 
ind Paper Industry. It was held for publication in this issue 
tf Tappi because most of the conclusions relate to activities 
of 1949. 

The problems relating to the establishment of the new 
nagazine required the first of the two days of the meeting. 
[he following decisions regarding publication policy were 
‘eached. 


EDITORIAL POLICIES 


1. A committee of five was established to deal with policy 
natters relating to the new magazine. The Vice-President 
of the Association is to act as chairman with the President 
ind Secretary as members ex-officio. Members of the com- 
nittee are to represent production, technology, management, 
ind the allied industries. 

2. This committee was directed to establish an editorial 
ooard of from ten to twenty members to serve a minimum 
of one year to evaluate the suitability of meeting papers and 
contributed articles for publication in Tappi. 

3. The following statements of publication policy were 
upproved: 

(a) The Association shall reserve the exclusive right to 
determine the disposition of papers presented at its national 
meetings. . 

(b) The disposition of papers presented at meetings of 
local sections shall be left to the discretion of the local section 
executive committees. (If any papers are deemed to be suit- 
ible for publication in Tappi they may be submitted to the 
national Secretary for consideration by the Editorial Board.) 

(c) Publications, other than Tapp: may publish conden- 
ations, not exceeding 300 words of papers presented at national 
meetings. These should be published as part of the text of 
yhe running story rather than as separate items. 

(d) Publications, other than Tappi, may publish papers 
mresented at national meetings, when granted permission to do 
so by the Association. (Written requests of this nature should 
ye addressed to the Secretary.) 

(e) In the event that an author of a national meeting paper 
wranges to have his paper published in another magazine, the 
Association reserves the right to refrain from authorizing its 
mublication in T'appr. 


FALL MEETINGS 1948 


The Secretary reviewed the meetings held in Appleton, Wis. 
Plasties); Madison, Wis. (Fundamental Research); Poland 
spring, Me. (Mechanical Pulping); and Pittsburgh (Testing) 
nd indicated that they were very satisfactorily attended -and 
xcellent in accomplishment. (Since this meeting of the Ex- 
cutive Committee, the sixth of the fall meetings was held 
1t Peoria, Ill. on Fibrous Agricultural Residues, and was con- 
idered successful by its chairman, 8. I. Aronovsky.) 


COATING CONFERENCE 1949 


Werner Kaufmann reported that the Coating Committee 
vill sponsor a Coating Conference on April 25-28, 1949, at the 
antlind Hotel, Grand Rapids, Mich. Assistance in arrange- 
nents will be given by the Kalamazoo Valley Section. Two 
lays of technical sessions will be held, one on paper machine 
coating under the chairmanship of Peter J. Massey of the St. 
2egis Paper Company, and the other on conventional coating 
nill operations under the chairmanship of W. A. Kirkpatrick 
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of the Allied Paper Mills. The other days will be devoted to 
mill vists in the Kalamazoo area. About 300 are expected 
to attend. 


GENERAL FALL MEETING 1949 


H. W. Bialkowsky reported the progress made in the plans to 
hold a general fall meeting on the Pacific Coast in 1949. The 
meeting will be held at the Multnomah Hotel, Portland, Ore., 
on September 11-15, 1949. A. G. Natwick of the Crown 
Zellerbach Corporation, and R. J. Le Roux of the Weyer- 
haeuser Timber Company, Pulp Division, have been desig- 
nated as general co-chairman of the meeting. In addition to 
the technical program there will be mill visits, a woods trip, 
and entertainment. A special train will take eastern members 
from Chicago to Portland. 


ENGINEERING CONFERENCE 1949 


The Fourth Engineering Conference of the Pulp and Paper 
Industry will be held at the Statler Hotel, Boston, Mass., on 
October 31, November 1-3, 1949. 


ANNUAL MEETING 1949 


The annual meeting of the Association will be held at the 
Commodore Hotel, New York City, on February 21-24, 1949. 
At this meeting the medal award presentation will be made 
at the opening session rather than at the annual luncheon as 
in the past years. The 1949 award will be made to Hardy S. 
Ferguson, Consulting Engineer, New York City. 


MONOGRAPHS 


Dr. Kaufmann reported that the monograph on Pigments 
for Paper Coating has been printed and distributed. Two 
additional monographs are in preparation on Adhesives for 
Coating and Machinery for Coating. These are being pre- 
pared by the TAPPI Coating Committee. 

Mr. Gillespie reported that progress is being made in the 
preparation of a book on Bleaching by the TAPPI Pulp 
Purification Committee. The Chicago Section is preparing a 
monograph on Graphic Arts. 

The papers presented at the Fundamental Research Meet- 
ing held at Madison, Wis., and at the Mechanical Pulping 
Conference, held at Poland Spring, Me., will appear in Tappi 
rather than in separate monographs. 


ROUTINE CONTROL METHODS 


Mr. Brabender reported that the large number of routine 
control methods that were collected by the local sections and 
other groups are being edited by Roger C. Griffin. 


BOUND VOLUMES OF TAPPI 


The Secretary reported that he has received about 175 re- 
quests for bound volumes of the permanent text of YTappt. 
He was therefore authorized to proceed with plans to accu- 
mulate this text for binding in 1950. 


CHANGE IN BYLAWS 


It was voted to amend Article V, Sec. 1 of the Bylaws to 
read “New members elected after January 1st and June 30th 
shall be liable for full or one-half of the annual dues, re- 
spectively, in the year of their election.” (Note: These lia- 
bilities were formerly handled on a quarter-year basis.) 

It was further voted to increase the annual dues of over- 
seas members in 1950 from $15 to $20 to take care of the excess 
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postage charges. (Note: These . excess charges have been 
collected during the past few years as an excess of the $15- 
per-vear dues. The new arrangement simply imcorporates 
these increases in the dues without adding postage charges 


as a separate item.) 
STUDENT MEMBERSHIP 


Consideration was given to the abolition of the present 
Junior grade of membership in 1950 and the establishment of 
a grade of student membership. Since this requires an amend- 
ment be made to the Constitution, the Secretary was in- 
structed to prepare a statement of the proposed changes for 
consideration of the Executive Committee in February and 
for a first reading during the annual meeting. 


HANDLING OF APPLICATIONS 


It was voted to simplify the procedure for handling appl- 
cations for membership within the Executive Committee by 
haying the Secretary furnish Executive Committeemen with 
data concerning the applicants. (Note: This will reduce the 
time required to process new applications since the earlier 
practice consisted of circulating copies of the applications to 
all members of the Committee.) 


NEXT EXECUTIVE COMMITTEE MEETING 


The next meeting of the Executive Committee will be held 
in New York City on February 20, 1945. 


Report of Chemical Methods Committee 
MILTON F. FILLIUS 


Considerable thought has been given recently to the broad 
objectives of the Chemical Methods Committee and to the 
type of standards the committee aims to produce. In the 
first place, it is desirable to have only one method covering 
a certain phase of activity. The Industry which TAPPI 
serves deals with a wide range of materials, and it is almost 
inevitable that occasionally two methods will exist for the 
measurement of certain constituents or properties. Whenever 
two such procedures are used, two complete sets of data must 
be built up, or else interlaboratory comparisons are impossible. 
Where two methods exist, the committee desires to select the 
best method; the most accurate and precise one. 

It should be emphasized, in the second place, that the 
official TAPPI standards are referee methods; that is, they 
must be reliable, sound methods. All short cuts which might 
jeopardize the results must be omitted. However, the official 
standards should be as rapid as possible consistent with relia- 
bility and basic soundness. 

Several cases have come to the attention of the committee 
where two methods now exist and the committee is attempt- 
ing to make a choice between these two. In one case in 
particular, there are insufficient basic data for the committee 
to make an intelligent decision. One group of workers is 
using Modification A, another group of workers is using Modi- 
fication B. Hach is satisfied with the results it is obtaining. 
Relatively little basic information on the chemistry of the 
two test methods is available ,and the Chemical Methods 
Committee finds it difficult to make an intelligent decision 
between the two. This emphasizes the need for basic study 
of official methods by some impartial group such as a uni- 
versity or an institute. One possible solution would be a 
scholarship or fellowship for such projects. The experiments, 
if properly conducted could be made the basis of a degree 
thesis. 

It should be emphasized again that the TAPPI methods 
should give reliable results for the greatest possible variety of 
products to be tested. For example, in the disperse viscosity 
Mirton F. Fintrus, Chairman, TAPPI Chemical Methods Committee, 
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procedure which is discussed below this basic question must be 
answered. There are investigators which use both solvents 
recommended in the different TAPPI procedures and each 
worker is satisfied with the results he is getting. In general, 
he works in one particular range of degree of polymerization. 
Some impartial worker must assemble samples over the whole 
D. P. range and critically study the applicability of both 
solvents to all of the samples assembled. Only in this way 
can an intelligent decision be reached. It is not enough to 
tabulate the number of people satisfied with the modification 
that they are using in attempting to assess the relative merits 
of the two procedures. Here again, the need for work in a 
university or an institute is definitely indicated. The statis- 
tical tools, which have been popularized recently, should be 
exploited -to the full extent. All the possible variables in- 
volved in a procedure should be studied systematically by 
some technique such as “Latin Squares” or “Analysis of Vari- 
ance.” 

The Chemical Methods Committee would like to reach 
decisions on several procedures now under consideration. How- 
ever, it is necessary to make intelligent decisions. We must 
make a transition from mere solicitation of the opinion of a 


large number of workers to a procedure which in addition to- 


this involves a basic study of the various procedures. These 
fundamental studies are lacking in most fields and will be 
gathered very slowly. In the meantime the official standard 
should be revised when desirable changes in technique have 
been found. The time required to reach a completely satis- 
factory solution is too long for effective functioning of the 
committee, 


DISPERSE VISCOSITY 


TAPPI and the American Chemical Society have inter- 
locking committees on the subject of disperse viscosity. Dr. 
Peter VanWyck is Chairman of both committees. The prob- 
lems confronting both organizations are essentially the same. 
In the first place, there is a choice of solvents. 

Cuprammonium and cupriethylenediamine have both been 
recommended for viscosity work. There are essentially four 
different methods to choose from: two cuprammonium and 
two cupriethylenediamine procedures. There is a fast and 
slow cuprammonium method and there are two cupriethylene- 
diamine methods included in T-230. In addition to different 
solvents, there are different dissolving techniques. A very 
rapid cuprammonium method has been frequently applied and 
has been accepted as a standard method in certain foreign 
countries. A very important phase of the disperse viscosity 
problem is the viscometry of the cellulose solutions. A fourth 
phase of the problem is that of sample preparation. This 
will receive more consideration in the alpha-cellulose discussion. 


Solvent 


The Chemical Methods Committee would like to choose 
one official TAPPI standard which can be used as a reference 
procedure in this field of disperse viscosity. The first question 
that must be settled would, therefore, be the selection of the 
proper solvent. The committee must choose between cupram- 
monium hydroxide solutions and cupriethylenediamine hy- 
droxide solutions as a solvent for cellulose. This choice in- 
volves a difficult decision. The question must be clearly 
answered; which one of these two solvents is more nearly 
universally applicable to cellulose samples of varying degrees 
of polymerization. This question could not be answered 
finally at Pittsburgh. One or two workers reported some 


difficulty with high molecular weight materials using cupri- 
ethylenediamine; others successfully applied cupriethylene- 


diamine as a solvent to high molecular weight materials using 
lower concentrations. Others obtained satisfactory data for 
high molecular weight materials only upon going to cupram- 
monium hydroxide. There is a definite’ need for work on 
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FOR TAPP] MEMBERS — THESE 9 WAYS IN 1949 


To help you make better pulp and paper — 
and more of it per day at lower cost per ton. 


BIRD SCREENS are the standard of the world 
—handle 80% of all the paper stock in 
North America. They are essential for con- 
tinuous, maximum production of uniformly 


good paper. 


reatment for separating speck 
er etc. from a eh areds 


BIRD CONSISTENCY REGULATORS are 
proving the most dependable and trouble- 
free means of controlling pulp and paper stock 
consistency at every desired point. Consistency 
is heid to not more than 0.1% heavier or 
lighter than desired. 


JONSSON SCREENS are ideal for knotting 


all kinds of pulp with negligible ioss of good 
fibres in the tailings; outstanding, also, for 
_ screening defibered wood, straw stocks, waste 
“paper and de-inked stocks. 


BIRD OSCILLATING SHOWER PIPES keep 
screens and cylinder molds clean with a frac- 
tion of the shower water formerly used. 
Savings in water, fibre and heat quickly pay 


for them. 


‘ contiovously clean and absorbent without 


shutdowns, improve quality and 


DIRTECS are being widely adopted and en- 
dorsed by all kinds of mills as most effective 
and economical removers of heavy and fine 
dirt both ahead of the Bird Screens and as 
tailings units. 


BIRD SAVE-ALLS ore the standard means of 
ecovering good papermaking fibres from 
er machine waste water. They assure lowest 


net cost per povnde of fibre recovered. 


VICKERY DOCTORS are engineered for 
each individual press roll, wire roll, dryer, 
calender and super-calender roll. Roll surfaces 
are always clean and shining, in shape to do 


their best work continuously. 


For Bulletins, recommendations, layouts and estimates on any or all items of Bird Machinery, 
get in touch with 


BIRD MACHINE COMPANY. 


WALPOLE ° 


MASSACHUSETTS 


SOUTH 
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HARD WOODS AND SOFT 
TURNED INTO A-1 PULP 
WHEN BAUER-FIBERIZED 


Mitts processinc hardwood sulphite in 
lieu of spruce sulphite are installing Bauer pulpers 
—and with notable results. 


Hardwood sources, heretofore neglected, now 
being tapped. Organic dirt dispersal up to 90%, 
resulting in far greater cleanliness. 


. Excellent formation and a noticeable increase in 
strength are being obtained at a high freeness level. 


The above listed benefits are impressive, espe- 
cially at mills with plenty of hardwood available. 
Savings of several dollars per ton of furnish are 
actually being realized. 


BAUER PULPERS also standard equipment 
for pulping of screenings and rejects. 
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this problem by some independent, impartial laboratory which 
will make it a peint to cover the entire range of D. P. using 
both solvents, so that a definite and final answer can be 
obtained as to the superiority of one solvent or the other. 
If a decision were made at this time, it is entirely possible 
that the wrong solvent would be selected in view of the lack 
of basic data. 


Dissolving Technique 


As a result of the discussion at Pittsburgh there were 
several suggestions put forward to improve the dissolving 
technique. One variation which is applicable to both cupram- 
monium and cupriethylenediamine is to treat the cellulose 
first with water or a very dilute solution of the solvent and 
then to add a portion of a more concentrated solution of the 
solvent to complete the dissolving. This is very essential im 
the application of cupriethylenediamine to high molecular 
weight cellulose samples, and makes the difference between a 
very rapid and a 15-hour procedure in the field of cupram- 
monium hydroxide. Another technique which was emphasized 
by two different workers reporting at the Pittsburgh meeting 
was the use of freshly cleaned copper surfaces during the 
solution in cuprammonium hydroxide. A freshly cleaned pure 
copper agitator, or little pieces of cleaned copper metal, or the 
use of a freshly cleaned copper vessel were among the sug- 
gestions made to eliminate the degradation due to oxygen. 
Evidently a freshly etched copper surface combines with 
oxygen more readily than does the cellulose cuprammonium 
system. Oxidation is thus eliminated. 


Viscometry 


Regardless of the solvent selected and the solution tech- 
nique used, viscometry in this field will always present con- 
siderable difficulty. Any method must cover a wide range of 
molecular weights which means that the viscosity of the re- 
sulting solutions will ordinarily vary between wide limits. 
A viscometer must be selected which will measure the vis- 
cosities over this very wide range or else the concentration 
of the cellulose must be varied in going from one range of 
D. P.’s to another. There are three types of viscometers that 
were discussed at the Pittsburgh meeting; the capillary, the 
falling sphere, and the rolling sphere. The present cupri- 
ethylenediamine suggested method uses both a_ capillary 
viscometer and a falling sphere apparatus. The present 
AE I method capillary drainage 
pipet. There was considerable interest shown in the rolling 
sphere type viscometer. A commercial instrument can be 
purchased or a satisfactory instrument can be constructed at 
a reasonable cost. The rolling sphere type viscometer offers 
many advantages according to the discussion brought out at 
the Pittsburgh meeting. The size of the spheres can be varied 
to cover a wide range. The density should not be varied in 
the opinion of workers who have had considerable experience 
with an instrument of this type. 


cupramm onium uses a 


Sample Preparation 


Although this subject will be more thoroughly discussed 


under alpha cellulose, it was briefly considered at the Pitts- 


burgh meeting during the viscosity discussion, 


cellulose sample on a mill of the Koerner-type often leads to 
a lowering in viscosity. 
methods of preparation should be avoided. When a two-stage 
dissolving technique is used, the sample preparation ordi- 


narily becomes less critical. The disperse viscosity committee | 


intends to continue study on this point also, 


No definite decisions were made at the Pittsburgh meeting | 


but some valuable points were brought out. The disperse 
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(continued from page 40 A) 
viscosity committee has considerable work ahead to answer 
some of the questions raised above. This they intend to do as 
soon as possible. Any information which can be forwarded 
which will assist in the proper choice of solvent dissolving 
technique, proper viscometer, or proper method of sample 
preparation will be greatly appreciated by the chairman of 
this committee, Dr. VanWyck. If the basic material needed 
to make these decisions is not available, it is the opinion of 
the Chemical Methods Committee that some research on the 
subject be sponsored so that an intelligent decision can be 


made. 


ALPHA-CELLULOSE T-203 


TAPPI and ACS have interlocking committees on alpha- 
cellulose, and are anxious to arrive at one procedure which can 
be jointly sponsored. Dr. George Ritter is chairman of the 
ACS committee and Dr. Albert S. O’Brien is chairman of the 
TAPPI committee. Recent discussions on the alpha-cellulose 
procedure have brought out the need for a more exact defini- 
tion of the term. The very broad definition that “alpha-cellu- 
lose is that fraction of the material which does not dissolve in 
17'/2% sodium hydroxide” is not sufficiently definite. The 
recent discussions, particularly those at Pittsburgh, have 
brought out that in the last analysis alpha-cellulose is defined 
by the details of the procedure used to determine it. As the 
alpha-cellulose is now determined by the TAPPI, and more 
particularly by the ACS method, the definition of the term, | 
“alpha-cellulose” would be, “That fraction of bleached pulp 
which is not soluble in 8.3% sodium hydroxide (and the wash 
water used to remove the alkali) after first being treated with 
17'/2.% sodium hydroxide.” In other words, in any practical 
method for the determination of alpha-cellulose, it 1s necessary 
to remove the sodium hydroxide which is left adhering to 
the fibers. In so doing, the alkali is diluted and this dilution 
and the washing which follows affect the results. 

The alpha-cellulose residue should be corrected for ash as 
this represents inorganic material. However, it does not seem 
advisable to correct the alpha-cellulose residue for the traces | 
of lignin it might contain or for the slight amount of pentosan 
material which resisted the dissolving action of the sodium 
hydroxide. There are traces of pentosan and hexosan mate- 
rial in the cellulose .chains and so long as there is agreement 
on thisepoint the residue need not be corrected for these 
materials. There is a separate paragraph tn T-203 which deals 
with determination of alpha-cellulose in pulps which contain 
lignin. This particular part of the procedure is not being 
considered at the present time, but the method for essentially — 
lignin-free (bleached) pulps will be revised. 

The alpha-cellulose method is empirical and every step | 
must be specified. However, it is evident that every opera- 
tion is not equally significant as was brought out by the | 
“Statistical Study of Some of the Variables of the Alpha- 
Cellulose Procedure” (2). As a result of the discussions at 
the TAPPI Meeting in February, 1948, and at the April, 1948, | 
meeting of the Cellulose Division of the American Chemical | 
Society, the variables were arranged into two groups: slightly | 
significant, and highly significant. The slightly significant 
variables were such things as sample size, method of stirring, 
method of addition of sodium hydroxide, acetic acid rinse, 
temperature, etc. These variables should be fixed in any 
procedure, but being only of slight significance they may be 
specified in less detail. 

The important variables which must be rigidly controlled 
are: 


1. Method of sample preparation. 

2. Dilution of the 17'/2% sodium hydroxide prior to fil 
tration. 

3. Determination of the moisture content of the pulp 
samples and drying of the alpha-cellulose residues. 
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NOT a chemical; 
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yet it remains in the sheet as ash. 


NOT a pigment; 
yet it increases brightness and opacity, 


raises pigment retention and improves 
formation. 


NOT a floccing agent; 


yet it has unusual retention properties 
because of its diatomaceous structure. 


high quality inert diatomaceous paper-aid 
which does its amazing work in paper only 
as a result of: (1) unique structure and fine- 
ness of particles; (2) extremely light weight; 
(3) natural affinity for tacky substances; (4) 
excellent dispersion and suspension qualities. 
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(continued from page 42 A) 
Sample Preparation 


There has been considerable criticism of the use of a grinder 
of the Koerner type. Browning (1) showed that the alpha- 
cellulose is lowered appreciably by a grinding procedure. 
This was verified by other workers. One of the speakers at 
the round-table discussion at the April ACS meeting pointed 
out that grinding does not necessarily lead to degradation. 
He cited experiments which showed that a careful grinding 
procedure lowered the alpha-cellulose appreciably but did 
not lower the viscosity and since viscosity is considered the 
best measure of degradation, it was concluded that careful 
erinding could lead to lowering of alpha-cellulose without 
actual degradation. At the Pittsburgh meeting it was pointed 
out by Dr. Aronovsky that this lowering of the alpha-cellulose 
values may be due to the colloidal dispersion of finely pul- 
verized material produced by grinding. The opinion of the 
group at Pittsburgh seemed to be that the most practical 
method of sample preparation was the use of half-inch squares 
of lap or pieces of similar size. 


Dilution of the 174%4% NaOH Just Prior to Filtering 


The matter of dilution of the mercerization solution just 
prior to filtering was the subject of considerable discussion 
at the Pittsburgh meeting. The discussion was introduced 
by Dr. O’Brien who pointed out that a variety of answers 
could be obtained for the alpha-cellulose content of the pulp 
depending upon the technique used at this point in the pro- 
cedure. On one extreme is the present ACS method which 
dilutes the 17'/2% sodium hydroxide to 8.3% and allows the 
diluted slurry to stand for one hour to reach equilibrium. 
Considerable more material goes into solution as a result of 
the dilution and standing and a minimum value for alpha- 
cellulose is obtained. On the other extreme, if the residue is 
separated from the 17'/2% sodium hydroxide directly without 
dilution and washed with fresh portions of 17*/2% sodium 
hydroxide and then washed with a saturated salt solution, a 
maximum value for alpha-cellulose is obtained. Intermediate 
values for alpha-cellulose can be obtained depending upon 
the manner in which the residual sodium hydroxide is re- 
moved. The most interesting experiment reported was that 
a very quick rinse of an alpha-cellulose residue, which con- 
tained only a small amount of 17'/2% sodium hydroxide 
retained in the pad, led to a lowering of 2%. That is, if the 
residue is washed with fresh portions of 17'/2% sodium hy- 
droxide without any dilution and then the excess solution 
removed by suction, a quick wash with a large volume of 
water at this point would remove an additional 2% of mate- 
rial in the case of the particular pulp being reported. The 
TAPPI procedure approaches the ACS but, since the time of 
standing in the diluted state is very short, values are slightly 
higher. 

There was a very profitable discussion at the Pittsburgh 
meeting on this matter of dilution. By way of summary, it 
can be said that it did not appear wise,to the group assembled 
at Pittsburgh to adopt any intermediate procedure, but that 
a method which gives either the minimum or the maximum 
value should be selected, that is, alpha-cellulose should be 
looked upon as that fraction which does not dissolve in the 
17'/2% sodium hydroxide in which case the technique lead- 
ing to the maximum value should be adopted, or else in line 
with the procedure which has been in use for so many years, 
the definition should be changed to that fraction of the cellu- 
lose pulp which does not dissolve in approximately 8% 
sodium hydroxide solution after. first being treated with 
17'/2% sodium hydroxide. The group felt that either one 
of these two extremes should be selected and that any modifi- 
cation which gave a value in between would be hard to 
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Butterworth rolls are made of the finest materi- 
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Through a special process, Butterworth Rolls 
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justify from a theoretical point of view. It was brought out 
at the Pittsburgh meeting that the Scandinavian pulp indus- 
try has two different alpha-cellulose procedures, one called 
the “A” and the other called the “B” modification, which 


were adopted to satisfy those branches of industry which — 


desire to have a maximum and a minimum value for the 
alpha-cellulose content of pulp. It is possible that TAPPI 
and ACS should consider adopting two different procedures 
although, in general, it is advisable to avoid this if possible. 
It may be that certain industries are anxious to know the 
minimum value which can be obtained for alpha-cellulose 
content, that is, a procedure which will remove a large per- 
centage of borderline molecules and another industry may 
like to have an alpha-cellulose value which includes these 
borderline molecules. The consensus of the Pittsburgh group 
seemed to be that in view of the historical background and 
the accumulation of the data obtained by the dilution tech- 
nique, that TAPPI should go over to a procedure which is 
essentially the same as ACS. In other words, an attempt 
should be made to get an equilibrium with the 8.3% sodium 
hydroxide and thus remove all of the borderline molecules 
from the alpha-cellulose residue. It was further suggested 
that the procedures adopted by the Scandinavian Paper and 
Pulp Engineers Association be studied with a view toward 
adopting or at least seriously considering their method of 
getting two different answers for alpha-cellulose. 


The Moisture Content of Pulp 


Every alpha-cellulose determination assumes that the exact 
moisture content of the original sample is known. At the 
February, 1948, meeting of TAPPI it was brought out that 
the moisture determination is extremely important and unless 
great care is taken, these variations can materially affect the 
results. It was pointed out at that time that it was prac- 
tically impossible to get a sample of uniform moisture content 
regardless of the method of conditioning, and that unless 
great care is taken a correct moisture value cannot be obtained 
even if a uniform sample were available. 

When drying down in a regular Jaboratory oven, it was 
found that the final weight of a residue is to a certain extent 
dependent upon the relative humidity of the laboratory air 
being circulated through the oven. In view of this, a recom- 
mendation was made at that time that the samples to be 
used for an alpha-cellulose determination be dried individu- 
ally in a vacuum oven at 50 or 60°C. No degradation takes 
place at this temperature. In this way a moisture deter- 
mination is eliminated by using absolutely dry portions of 
pulp for the alpha-cellulose determination. This technique 
saves two precise weighings and introduces one rough weigh- 
ing. At the Pittsburgh meeting there was some strong sup- 
port from the floor in favor of vacuum drying, and it seems 
advisable now to include the vacuum drying technique as 
part of the official standard. It will also be recommended 
that the alpha-cellulose residues be taken to constant weight 
in a vacuum oven. 


THE pH of PAPER EXTRACTS T-435 


A third method which has been before the Chemical 
Methods Committee for some time, and upon which it seems 
difficult to reach a final decision, is the proper.technique for 
the determination of the pH of paper extracts. At the 
present time there are two extraction techniques recommended 
in the TAPPI Standard T-435. One is an extraction with 
cold water and the other is an extraction with hot water. 

At the Pittsburgh meeting an attempt was made to get 
all the basic information possible which could lead to an 
intelligent decision. It would be an easy thing to pass ballots 
around and ask people to choose between a hot or a cold 


- extraction, but there seems to be a need first of all for some 
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basic information on the chemistry invu.ved in the hot and 
in the cold extraction. In order to make an intelligent choice, 
a chemist must know what the choice involves. If we must 
decide that a hot extraction is fundamentally more sound. 
we must understand a little about the chemistry of hot 
extraction, and if the cold extraction is fundamentally to be 
preferred, the chemistry of the cold extraction must be con- 
trasted to the chemistry of the hot. This is admittedly a 
difficult field. The hydrolysis of sizing materials at different 
temperatures is by no means a simple problem, and, further- 
more, how these two hydrolysis conditions are related to 
permanence is still another difficult question to answer. The 
pH of paper extracts seems to be another procedure which 
requires some basic study, However, it does not appear to 
be nearly so important as the subject of disperse viscosity 
which should be given preference in any fundamental and 
statistical study. The survey which was conducted recently 
by the Testing Division showed that a relatively large num- 
ber of workers used both the hot and the cold procedures, 
although the hot extraction seemed to have a few more 
adherents than the cold. In view of this situation it does 
not seem adyisable to vote out either procedure until more 
information is obtaimed on the basic reactions at the two 
temperatures and their relation to permanence. 


OTHER PROCEDURES CONSIDERED FOR REVISION 


Other projects are under consideration in the Chemical 
Methods Committee. A sub-committee has been appointed 
on the general subject of sample preparation. A sub-com- 
mittee is also being formed in the field of Bleachability of 
Pulp which includes the Potassium Permanganate Number 
and Chlorine Number Procedures. The main committee 
would like to know whether these methods can be combined 
into one official TAPPI Standard. 

A newly formed sub-committee on wood methods is pre- 
paring some new procedures and has three of the present 
TAPPI Standards under consideration for revision. Prof. 
K. F. Kurth, who has recently joined the Chemical Methods 
Committee, is the chairman of this new sub-committee. Dr. 
Kurth is an authority in the analysis of wood, and his addi- 
tion to the group has greatly strengthened the committee. 


THE TAPPI SURVEY 


The questionnaire sent out during the summer of 1948 has 
furnished a large amount of useful data. Mr. Roger GC. Griffin 
has recently made a preliminary tabulation of the results and 
a large number of facts can be gleaned from these tables. 
More work must be done to get the opinion from workers 
expressing dissatisfaction with individual methods. Some find 
certain TAPPI standards unsatisfactory and are using a 
method of their own which, in their opinion, gives good 
results. The reasons for their dissatisfaction, and the points 


at which their substituted methods differ from the TAPPI 
standard must be assembled and analyzed. 

From the data of the survey certain general conclusions 
can be reached. The total number of replies received on the 
various methods give a measure of interest that exists in the 
procedures. Certain standards received a_ total of 15-20 
replies, and others over 100. This indicates where the interest 
of the industry lies, and will guide the Chemical Methods 
Committee in its choice of projects. 

Not only is the total number of replies received on a method 
of importance, but the percentage of answers expressing dis- 
satisfaction must be carefully studied. If, for example, 507% 
of the replies indicate that the TAPPI standard is unsatis- 
factory or that a modified TAPPI procedure is used, or that 
another unofficial method is employed, the standard in ques- 
tion is undoubtedly in need of revision. 

Previously it has been difficult to decide which TAPPI 
Standards should receive attention from the Committee. We 
can now answer some of the previous questions such as: How 
many are dissatisfied with the present Standard? Is there 
enough interest to justify some basic study of the procedure? 
What part of the industry has trouble with the method? 
Which standards should be recommended for basic study at 


some university or institute? Are there private laboratories 


sufficiently interested in the project to do some systematic 


work using their own facilities. The survey will help in 
answering ‘these questions and was, therefore, very worth 
while, provided the preliminary data are followed up properly. 
The selection of future projects and subsequent work and 
recommendations of the committee will be strongly influenced 
by the results of the survey. 

A number of methods not now being considered for revision 
but which were rather strongly criticized in the recent TAPPI 
questionnaire are: The Reducible Sulphur Content of Paper, 
Resin in Paper, the Determination of the Amount of Coating 
Material on Paper, Starch in Paper, and the Total Acidity of 
Paper. These all represent possible future projects for the 
Chemical Methods Committee. 
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Ed. Note: This report by Mr. Fillius is a clear-cut state- 
ment of some of the major test method development prob- 
lems confronting his committee. Within the Technical Asso- 
ciation there may be some members, not on the committee 
who can offer the committee valuable suggestions based on 
their own investigations. This magazine provides an unusual 
opportunity for committee chairmen to reach many who can 
offer assistance. It will simplify matters for everyone if such 
responses are sent to the Secretary of TAPPI, 122 East 42nd 
Street, New York 17, N. Y. They will be forwarded to the 
proper destinations. 
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Here he is checking the traverse ad- 
justment that controls take-up of each 


wire as it comes from the annealling 
furnace and goes on the spool. Nine 
years with Eastwood, Frank knows that 
every detail is important. It seems like 
a trifle, but uniformly wound spools 
are essential to uniformly woven wires, 
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The finish of a sheet 
of paper or board be- 


: gins when it is formed 
—on the wet end of the machine. The slightest unevenness 
in the surface of the felt results in uneven removal of 
water and leaves its own imprint on the surface of the 
finished product. 


One of many reasons why manufacturers of high grade paper 
and board prefer Hamilton Felts is because Hamilton Felts 
remove water evenly and leave no impressions to be ironed 
out at the driers and calenders. 


After it has been shrunk and fulled every Hamilton Felt is 
gently combed by a million needle-pointed cockle burrs (teasels) 
which free the matted fibers and fluff the nap until every square 
inch of its surface becomes an even and resilient cushion for the 
speeding web. Less heat is needed at the driers. No impressions 
mar the smoothness of the finish. 


From the thinnest tissue to the heaviest 
board there is a Hamilton Felt that will do 
your work better, faster and at lower cost. 


Established 
1858 


Miami Woolen 
Mills 
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REPORTS AND DISCUSSIONS 


Presented at National and Regional Conferences 


oe ea ee 


TAPPI Materials Handling Committee 


Mr. George R. Wadleigh, Chairman of the TAPPI Mate- 
rials Handling Committee, has supplied the following notes 
relative to the Materials Handling Session and the Round 
Table conducted at the Third Engineering Conference of the 
Pulp and Paper Industry at Buffalo, N. Y., on October 25-27: 

In the general session attended by nearly three hundred 
engineers, representing more than one hundred pulp and 
paper mills, only seven companies reported having a speciic 
materials handling engineer, even though the materials han- 
dling cost approaches that of power. 


CENTRALIZED TRANSPORTATION SYSTEM 


Mr. G. L. Hawkins of the Hammermill. Paper Company 
presented a paper on “A Centralized Transportation System 
for a Pulp and Paper Mill.” In this paper he indicated that 
the important factors to be considered in selecting materials 
handling equipment are (1) height between floors; (2) con- 
dition of floors; (3) width of aisles; (4) type of material, Le., 
loose, baled, boxed, ete.; and (5) location of various buildings 
with respect to routing. 

In response to an inquiry Mr. Hawkins estimated the tost 
of handling dry materials in a paper mill as 4.5% of the otal 
cost, while inclusion of pumping costs would raise this to 
10-15% of the total cost. : 


WOOD HANDLING IN THE WOOD YARD 

Hammermill is experimenting with a new load wheel on their 
trucks that will reduce the chipping and dusting of floors 
caused by the standard steel wheel. A wheel developed by 
Mr. Goodrich has given favorable results during its three- 
month test. 

Mr. Hawkins stated that the trend at Hammermill is toward 
the use of smaller trucks, with doors being one of the limiting 
factors. Many doors had to be enlarged to eight feet by eight 
feet. Primary aisles are eight feet wide; secondary, six feet. 

At the present time, Hammermill fills their beaters, using 
electric trucks, but they are planning to install slush pumps 
thereby eliminating electric trucks in the beater room. 


WOOD HANDLING IN THE YARD 


Mr. John A. Willard, of Bigelow, Kent and Willard, pre- 
sented a paper entitled “Methods of Wood Handling in the 
Wood Yard.” The three methods of delivering wood to the 
wood yard are by river, rail (flat or box car), and trucks. 
The economical limit of trucking is about 50 miles. 

Mr. Willard showed photographs of various methods of 
handling wood in Sweden. In rail delivery, one rail is de- 
pressed, and the wood skidded from the car to the river. The 
wood is sorted in the river by size and kind, thereby provid- 
ing straight-through handling. The wood is then picked up 
by a chain conveyor, submerged at the lading end, and ear- 
ried thereby to a gang saw. 

A wood inventory in the yard is necessary to assure con- 
tinous feed to the mill. In the Middle Atlantic states, this 
inventory may amount to one-third of a year’s supply. In 
this connection, Mr. Willard referred to an important paper 
prepared by Prof. Mathews, University of Michigan, and 
published by the A.S.M.E. in 1945 titled “Preplanning of 
Logging Operations for Minimum Cost.” 

The yard must be laid out to avoid delays in unloading 
trucks. The best method is to use dump trucks together with 
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an unloading ramp in the yard. The principal drawback to 
this method arises from the inability of wood contractors to 
finance this type of truck, which forces the mill to purchase 
them. 

The Bangor and Aroostook Railroad have developed a side- 
opening open top car for wood, but other railroads believe 
this system to constitute a potential danger to passing trains. 
Still on the drawing boards is a pneumatic pusher to push 
out the center section of wood in a box ear. The use of an 
orange peel or grab bucket is comparatively expensive. 

Mr. Willard then discussed the time required for unloading 
in terms of units, a unit consisting of 160 cubic feet of wood 
five feet long, averaging 8'/» inches diameter, rough. Efficient — 
unloading of a box car approximates 2.2 units per man hour, 
although the average is three units. A 30% saving can be 
accomplished by tilting the car. Larger diameter wood takes 
twice as long. Trucks unloaded by hand average 1.6 units to 
2 units per man-hour (25 minutes per truck). An orange peel 
bucket can move from ‘/2 to */; unit per trip and can make 
about 40 trips per hour. The cost ranges from 20 to 30 cents 
per unit. 

Drag chains are often used in conjunction with an orange 
peel bucket to reclaim where inventories are small. An effec- 
tive method is the use of flues. Concrete flues require a high 
first cost, low maintenance, but additional cost data is neces- 
sary before this method can be completely analyzed. Other 
methods include trucking and overhead cable and button con- 
veyors. One system shown by Mr. Willard involved an 80-foot 
lift, 200-foot length, with 8-foot button spacing. An orange 
peel bucket loaded the lower strand for reclaiming. 

The ideal barker still remains to be developed. Drum 
barkers pound the wood too much, hydraulic barkers consume 
too much power. 

In reply to a question about chain conveyors, Mr. Willard 
stated that he had often seen the failure of one link make 15 
men idle. He therefore does not favor chain conveyors. 


NOTES ON ROUND TABLE DISCUSSION 


1. Handling Dried Broke Back to Beater 


Mr. S. L. Foster, Kalamazoo Vegetable Parchment Co... 
stated that the broke, at the end of a run, is dropped to a 
baling machine on a lower floor. The broke is treated in 
batches using a Claflin jordan. The broke is then fed back 
at a uniform rate into the stream after the stock is refined. 
This may amount to 3 to 3*/2%. A hydrapulper will handle 
6%. A uniform amount of broke is placed in each beater. 
The principal variable is the amount of broke. Broke from a 
previous run of similar paper is taken out of dry storage, so 
that the operations may start with the normal amount of 
broke. y 

Wet strength broke and newsprint broke require different 
treatments. In the case of bond paper, the operator must 
provide for the removal of broke specks. No single method: 
can be applied generally. 

Discussing the handling method further, Mr. Foster stated 
that two or three bales are handled by a gasoline lift truck 
per trip. A table conveyor is located in front of the hydra- 
pulper to receive the charge. Inspection at this point saves 
time. The conveyor is 24 inches above the floor level while 
the rim of the tank is below the floor. While small mills 


(continued on page 52 A) 
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(continued from page 50 A) 
tnay not have hydrapulpers, beaters, when idle, can be used 
on broke. Broke may be fed by air to the beater departments. 


2. Electric vs. Gasoline Lift Trucks 

Mr. 8. L. Foster stated that his Company had had excellent 
experience with both electric and gasoline lift trucks. The 
small transporter trucks are all electric, while the large trucks 
Gasoline operation requires good ventilation, 


are gasoline. 
Their ex- 


while ramps tend to reduce the life of batteries. 
perience indicates that there is little difference in maintenance 
costs. Another person stated that he preferred gasoline trucks 
after using both kinds, despite the fact that gasoline trucks 
are twice as expensive and require more maintenance than 
electric trucks. Battery trouble offset these other difficulties. 

A representative of the Clark Equipment Co., manufac- 
turers of both gasoline and electric lift trucks, said that while 
the electric truck does not require as much maintenance, it is 
not as effective as gasoline trucks on ramp work, and the 
batteries require charging after 8 hours. Operating 24 hours 
a day, gasoline trucks are more economical on a per ton 
moved basis. 

The experience of one representative indicates that gasoline 
operation is 40% cheaper per ton of material handled than 
with electric trucks. For small, short runs, electric trucks 
are superior, but for long runs or work on grades, gasoline 
is better. 


3. Palletizing 

Hammermill Paper Company palletizes all their products. 
They keep all the pallets at the mill, since disposable pallets 
are still too expensive and since their customers are not gen- 
erally equipped to unload with a lft truck. Furthermore, 
their selective selling requires shipments of various sizes of 
cartons, cases, rolls, skids, etc. The trade does not deal in a 
palletized unit load (14 to 16 cartons per pallet). 

Hammermill introduced palletizing in their mill because of 
space limitations, and labor difficulties in stocking to a height 
of 12 to 14 feet. 

Mr. Stocker, materials handling expert, said that palletizing 
requires wider aisles, but the material may be piled higher. 
He said further that metal pallets have a high first cost, but 
lower maintenance, when compared to a wood pallet. The 
disadvantages of metal pallets include the need for skilled 
truck operators in making pickups, expensive damage when 
dented, heavy weight (tare), apt to be slippery, subject to 
rust in damp atmospheres. 

In the case of multistory building operation, a roller con- 
veyor outside the elevator door can hold the pallet until the 
elevator is available. Another roller conveyor inside the 
elevator enables the operator to push the pallet into the 
elevator. 

The Clark Equipment representative said that fumes from 
gasoline trucks are a question of maintenance. A velocity 
type of governor is excellent for ramp work and eliminates 
fumes, 


4. Chain vs. Belt Conveyor in Woodyard 

Mr. Foster stated that two 500-foot centers, button cable 
conveyors at their mills require 200 hp. to start, 150 hp. to 
drive. Maintenance cost is high. Each conveyor carries 50 
cords of wood per hour. They handle wood to and from their 
barking drums with a belt conveyor on a 10% slope. They 
do not consider the maintenance of a belt conveyor unduly 
high. 

In handling wood on a belt, they found that a sudden load 
of logs will stall the belt. Sides must be built along the belt, 
otherwise the logs are bumped off the belt by the action of the 
belt riding over the idlers. Their experience covered 22-inch 
wood of about 15 inch diameter. 
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Flumes are expensive to build, and most of the velocity of 
the water is along the top surface of the water. Residual wash 


water is used. 


5. Use of Wide Chains to Take Wood Out of Pond 

Mr. Foster stated that the best installation that he knows 
about is at Bathurst, in northern New Brunswick, Canada. 
The wood is collected in a tidal basin. Propellers are used to 
force water currents to carry the wood in the desired direc- 
tion. This greatly speeds up the work of the men sorting the 
wood. About 2000 cords of wood are handled per 8-hour day. 


Paper Drying Discussion 
Ed. Note: Prior to the Third Engineering Conference of the 


Pulp and Paper Industry, sponsored by the Technical Associa- - 


tion at Buffalo, N. Y., on October 25-28, 1948, the engineers 
of the industry were given an opportunity to present ques- 
tions regarding any phase of the paper-drying operation on. 
which they cared to have advice. 

These questions became the basis of a round-table discussion 
of the TAPPI Drying and Ventilating Committee, under the 
chairmanship of A. E. Montgomery. Although each question 
led to considerable discussion the information is condensed 
in the following report to give the main comments. The 
names of the inquirers and respondents are deleted. Follow- 
ing are the questions and answers: 


1. Q—When and where should drier felts be used on a ma- 
chine making 9 and 12 point paper? 

A—The function of the drier felt is to carry paper through 
driers and press them against the driers. They are 
especially valuable with light Fourdrinier sheets be- 
cause they cannot have tension exerted. They might 
be worth while for all lightweight sheets. 

A—Felts give good surface by their ironing effect as con- 
trasted to drying without felts which gives blisters. 
A—Drier felts improve drying capacity and bottom drier 

felt helps prevent wrap-around. 

Q.—What type felts, cotton, or asbestos are recommended 
and what range of temperature to use for each? 

A—The type of felt is not determined by temperature 
requirement. 

3. Q—What is the effect of superheat in drier steam supply? 
A—There is little effect because the 50 B.t.u.’s offered by 

superheat is little compared to the heat of vaporiza- 
tion of 1100 B.t.u.’s per pound. Furthermore any 
condensed moisture will render steam saturated. 
A—Superheat from the control standpoint is bad. Steam 
joints and bearings give more trouble with superheat. 

4. Q—Does superheat cause uneven drying? 

A—Everyone complains of nonuniformity with superheat. 

A—Superheat is difficult to control. The temperature 
control is irregular. 

A—With changing loads, superheat varies 10 to 50 degrees. 

Q—Is there not less heat per cubic foot with superheat? 

A—With adequate size piping this would not matter. The 
advantage of temperature is offset by the lower rate 
of heat transfer. Reference was made to a statement 
in “Heat Transmission” by McAdams to the effect 
that superheated steam has been found to transfer 
heat at a rate only slightly higher than saturated 
steam. McAdams cites an example with 180°F. super-~ 
heat. The rate of heat transfer was only 3% more 
than for saturated steam at the same pressure and 
with the same wall temperature. 

6. Q—How is paper affected on the machine af the felt driers 

make a felt too hot? 
(Some uncertainty existed as to what was meant. 
by this question.) : 
A—This should not be a problem on wet end. 
(continued on page 54 A) 
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int, 


13. 


14. 


(continued from page 52 A) 

Q—Could dryer felts be too dry? 

A—If the sheet leaves at 8% this trouble should not occur, 
but with 3% exit moisture it might be critical. 
A—High drying rates are always accompanied by tight 
felts. (Cited need for instrument to measure moOls- 
ture content in drier felt when running—analogous to 

surface pyrometer.) 

Q—How can uniform drying across the sheet be obtained? 

A—It is hard to conceive that the drier could be spotty on 
inside. 

A—Since we are agreed the inside is all right it must be 
the outside—therefore a function of the movement 
of air. 

A—The outside edges of driers showed 20 degrees hotter 
than center because of high heat transfer to end. 
A—Cockling is corrected by taking the tension off draws. 
Q—What is the effect on cockles or grainy edges by. split- 

ting drive section at wet end of machine? 

A—Grainy edges are improved by the Grewin system. 

A—GQrainy edges are not due to faster drying at edges. 
This is proved by splitting paper near the center at 
the wet end in which case grainy edges will form 
even at the center of the machine. Grainy edges may 
be due to stock preparation or any factor which 
affects shrinkage. 

A—Grainy edges can be due to formation and can be 
corrected by adjusting slices. 

Q—What are some recent developments in the use of hot 
water from the Briner recovery system? 

A—Water is heated for use in showers, beaters and in 
mill water supply system. There are stil] other uses 
we don’t know about. 

A—With present increased steam costs our Committee 
should devote more time to study of heat economy. 
A—In board mills this should tie in to heating require- 
ments, especially in light of the turbine talks we 

heard yesterday. 

Q—Have any attempts been made to cover in and ven- 
tilate wet ends of machines? 

A—In Canada there is much condensation from wet ends 
during winter. Four mills have hoods over wet end 
due to high temperature of stock on old machines. 
New machines with proper ventilation do not need 
such hoods. 

A—I have seen closely fitting hoods over steam showers 
in West Coast mills. 

A—Will operators tolerate hood on wet end? 
ably want it free. 

Q—Is spot cooling used around the machine room in 
summer time? 

A—Yes. 


Q—What conditions are considered acceptable (tempera- 
ture and humidity) at wet end and dry end? 

(It was felt that this varied so greatly depending 
on other conditions that it could not be given a firm 
answer.) 

Q—Has anyone tried acid cleaning of driers and if so 
was the heat transfer rate through the shell increased? 

A—Mr. Doughty for our Committee circulated a question- 
naire which showed the results to be inconclusive. 

Q—We would like comments on ventilation in machine 
room having two or more machines with no windows 
in the buildings? 

A—Two or more machines is the crux of the question. 
The only thing to do is install air make-up units 
around buildings and use machine air system from 
room supply rather than take in fresh air. 

A—The important thing in this case, especially in sum- 
mer, is to bring air directly into the working zone. 


They prob- _ 


16. 


ie 


18. 


i), 


22. 


23. 


A—Mechanical 


A—108,000 efm. supplied in aisles between five machines 
and still unsatisfactory during summer months is the 
case in our mill. It is delivered through slotted ducts 
10 feet above the floor. We tried blowing it at 6 feet 
and directly down on the floor. It was still unsatis- 
factory because operators must go into cool places 
from hot zone. . 

A—There are two things to substantiate this contention. 
There is very little for men to do when the machine 
is running all right, so the men are inactive and much 
more liable to catch cold. Doctors say that an active 
man can stand a draft much more than an inactive 

Furthermore there is a problem due to the 

What suits grandpa 


man. 
graduation of ages of workers. 
doesn’t always suit his grandson. 

Q—What is the drying rate as sheet progresses through 
drier section—-in other words, the increment rate of 
evaporating? 

A—This concerns the work done by our Drying Com- 
mittee on the variation in drying rate through the 
drier seetion. We have considerable data which we 
expect soon to have published. Surprisingly, the dry- 
ing rate is fairly constant from the wet end to the 
dry end of a machine if the steam pressure is uniform, 
until the moisture content of the sheet is down to 
about 10 or 15%, depending upon the type of paper. 

Q—What is the effect of stock freeness on drying? 

A—The TAPPI drying rate reports always failed to show 
any difference in drying rate between free stock and 
slow stock. On the questionnaires for paper board 
and for kraft we asked whether the stock was free or 
slow on the data reported and in each case there was 
no material difference in drying rate. Likewise the 
drying rate for the extremely slow glassine stock is 
much the same as for the very free papers. 

A—I disagree. I am sure that a free stock does dry more 
easily. 

Q—Effect of stack hardness on drying? 

(There was an uncertainty as to what was meant.) 
Q—What is the benefit of drier felts vs. no felts? 
A—This question was partially answered earlier. On kraft 

board machines in the south there is much experience 
on the effect of drier felts either partially or entirely 
through the drier section on the production and the 
general consensus is that the full use of drier felts 
gives the most drying. 

A—With reservation ,that felts are kept dry. 

A—Felts also should be kept tight. 

Q—What is the benefit of felt driers vs. no felt driers? 

A—There can be too many felt driers just as there can 
be too few. 

Q—What is the effect of slush vs. dry finish on driers? 

(There was an uncertainty as to what was meant.) 
Q—What is the effect of seasonal changes particularly 

relative humidity? Would dehumidification be eco- 
nomically sound? 
dehumidification is 


not economically 


feasible. 

Q—What is the best location for a smoothing press in 
the drier section on a board machine, and weight 
required? ; 

A—One half way down the drier section and a pressure 
of approximately 200 pounds per lineal inch. 

Q—What is the effect of relatively high temperature dry- 
ing of book and similar papers, either over conven- 
tional driers with steam up to 150 psa. or by radiant 
heat in one form or another. Assume that the problem 
is one of increasing production over existing driers? 

A—Radiant heat might give discoloration. On bond 


paper production has been increased 25% with high 


steam pressure and with no adverse effect. 
(continued on page 56 A) 
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PIONEERS TOGETHER 
IN THE FIRST MgO PLANT 


WEYERHAEUSER 22244 st sypotent foctor in improving and accelerating the 


STEBBINS a recognized leader in the development and design of linings. 


Thus when Weyerhaeuser decided to build a On the basis of pure theoretical development 


mill and be the first to use a magnesia base for the and reasoning, a thorough study was made of the 
cooking solution, it was natural to call on Stebbins new conditions involved. _ 


to design the linings. 
k 9 g Then the experiments were started. They proved 


Having pioneered linings for many different the study to be correct and so the specifications 
processes, the fact that magnesia as a base had were written — a new brick, a new bonding mate- 
never been used before did not deter Stebbins rial have been manufactured—the linings installed. 
engineers. 


48 carloads of ceramic linings. 333,000 pieces of special 
radius and special shaped bricks and tile were included. 
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(continued from page 54 A) 
25. Q—How should heating coils in roller drier be drained: 
A—Use high presstire drainage system. 


26. Q—The factors commonly considered in deciding the 
number of driers required are: Weight of sheet, den- 
sity of sheet, moisture entering, moisture leaving, 
speed, nature of dry felt, dryness of dry-felt, steam 
pressure, sweep of ventilating air, humidity of air, 
temperature of air, air removal from driers, water 
removal from driers, total contact surface. 

Less commonly considered are: Shell material, shell 
thickness, nature of drier surface inside, felt tension, 
condition of steam, application of steam, are of drier 
contact. 

Concerning this last, it. is easy to conceive of a sheet 
being in contact with any one drier too long for 
optimum use of surface as a heat transfer agent. The 
question is—Have not large diameter driers, excluding 
Yankees, other conditions being equal, a lower average 
drying rate per square foot than those of small 
diameter? 

A—This is a matter on which no proved information can 
be available. We doubt that large diameter driers 
as normally used can have lower drying rate be- 
cause of length of time of contact, but, as has been 
stated before, large diameter driers give a lower 
unit pressure of the sheet against the drier surface 
than smaller diameter driers with the same _ sheet 
tension. This does result in lower drying rates. We 
believe thickness of sheet so small that reversal of 
heat transfer from one side to the other should not 
be of too much importance. 


bo 
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Q—What volume of mr per pound of paper to be dried 
is considered good practice in estimating for capacity? 

A—Each machine must be considered separately because 
of many variables. 


28. Q—Do you know of any mill where the exhaust from 
the machine hoods is cooled in washers or other 
equipment, then reheated and returned to the ma- 
chine room? Do they mix in some outside air 
before returning it to the machine room to reduce 
relative humidity in the arr returned? 

A—Write Mr. Hooper of Ross Engineering in Montreal 
for developments in Canada. 

A—Plans have been made for hooding one machine com- 
pletely to the floor and totally enclosing the machine 
in the basement and then taking all of the exhaust 
from the machine through air washers for dehumidi- 
fying it, thereby heating water and reintroducing the 
dehumidified air to the machine after reheating it. If 


carried to: its ultimate conclusion there would be no 
exhaust from such a paper machine. 

29. Q—What is considered the most economical relative hu- 
midity to run on the exhaust of a Yankee hood venti- 
lating system? In connection with this what ts the 
probable percentage of air that may be recirculated to 
obtain the desired results? What is the economy of 
recirculation? Drying capacity with and without re- 
circulation? 

A—Relative humidity of the exhaust on a Yankee machine 
is dependent on many variables, but it is possible to 
carry a higher percentage of relative humidity on a 
Yankee machine than on a conventional Fourdrinier. 
Recirculation is desirable since the required exhaust 
volume is usually less than the volume of air supplied 
through a vapor absorption system, and if only the re- 
quired exhaust volume were handled the hood would 
be under pressure which would not be desirable. 
Therefore, a difference between the exhaust and sup- 
ply volumes to maintain a negative pressure under the 
hood can be recirculated at all times. In addition to 
this, additional air can be recirculated up to 100% 
which will result in steam savings. I know of one 
instance where recirculation equipment was installed 
on a dryer making approximately 30 tons of paper 
per day where the steam saving amounted to 2450 
lb. of steam per hour. In my opinion the drying 
capacity of a machine is not affected by recircula- 
tion except perhaps an increase might be effected by 
the use of higher temperatures due to recirculation. 

30. Q—Is there any satisfactory alternative to “graduated 
drying,” these graduations being expressed as an %in- 
crease in steam pressure per dryer, or per growp of 
driers, or in equivalent sheet temperature of movrsture 
from wet to dry end? 

A—Slack off drier felts at wet end or take off the drier 
felts on the first 6, 7, or 8 driers. Maybe radiant heat 
can be used to make the first drier similar to normal 
fourth drier. 


31. Q—Velocity steam would appear to have certain advan- 


tageous factors such as increased steam velocity and 
rapid pressure fluctuations within the driers, both of 
which could increase the drying rate at the same 
steam pressure and sheet temperatures, etc. Is tt 
generally confirmed in actual practice on up-to-date 
drier systems? 

A—It is hard to believe that the pressure inside the drier 
could be fluctuated rapidly enough to have any ad- 
vantage. Likewise the steam velocity cannot be in- 
creased or used to advantage. If it is high momen- 
tarily it is reduced in like amount during other 
periods. 
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The TAPPI 1948 Medal Award 


The following presentation address and medalist’s response 
are published in this issue to complete the record of a 
meritorious event. At the 1948 annual meeting of the 
Association the TAPPI medal presentation was scheduled to 
be a major event during the annual luncheon. On_ that 
occasion the medal was to have been presented to Dr. Emil 
Heuser by Dr. Harry F. Lewis of the Institute of Paper 
Chemistry on behalf .of the Association. 

Prior to the annual meeting Dr. Heuser retired as a member 
of the Institute staff and went to live in California. Conse- 
quently, the medal presentation ceremony was postponed. 
The TAPPI Pacific Section was commissioned to arrange for 
the presentation and as a result the medal was presented at 
a dinner party in Los Angeles to Dr. Heuser by H. A. Des 
Marais, a member of the Pacific Section. 

Because of the importance of Dr. Heuser’s great contribu- 
tions to the technical advancement of the pulp and paper 
industry the originally scheduled presentation address and 
response are herewith published for the record. These remarks 
by the following two gentlemen have not been held since last 
February but were recently written at the request of the 
Association Secretary. 


MEDAL PRESENTATION ADDRESS BY DR. LEWIS 


It is my pleasure to present the TAPPI medalist for 1948, 
Dr. Emil Heuser, Emeritus member of the staff of The In- 
stitute of Paper Chemistry. 

The pattern generally followed by the person selected to 
present the medalist includes, first, a rather complete bio- 
graphical sketch, showing the events and factors in his life 
which were responsible for his later success, following which 
comes a long list of his accomplishments, thus demonstrat- 
ing the wisdom of the committee in them choice. 

In the case of the 1948 medalist, neither of these is abso- 
hutely essential, for the staff of Chemical and Engineering 
News, in the March 8 issue of this year, has painted a rather 
vivid picture from life of “Dr. Cellulose,” and, as far as 
technical accomplishments are concerned, there are very few 
technical men in the pulp, paper, or rayon industry who have 
not had occasion to refer to some one of the medalist’s re- 
searches. The book “Cellulose Chemistry” is “must” reading 
for all those who would truly understand the characteristics 
of cellulose. 

However, there are those who have not seen the Chemical 
and Engineering News article and, for them, Ill try to cover 
some of the high lights of Dr. Heuser’s life. His academic 
training was received at the Technical University, Munich, 
the University of Graz, and the Technical University of Karls- 
ruhe. From the Chemical and Engineering News story, we 
learn that he had been associated with the paper industry 
from childhood, for he grew up in Stralsund on the Baltic 
Sea in the shadows of the playing card factory of which 
his father was technical director. As a papermaker, he started 
in business at the bottom as a workman in the coating ma- 
chinery works of F. Mueller at Potschappel, going from there 
to the rag mill of Gebriider Laiblin in Wiirtemberg. His first 
chemical position was with the Altdamm Kraft Pulp Company 
in Pomerania. From this he progressed to the position of coat- 
ing superintendent at the Zeblendorf mill in Berlin and then 
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to the pulp and paper company of Steyrermiihl in Austria where 
he was chief chemist. In the year 1912, he received a call 
from, and became the director of the Institute of Cellulose 
Chemistry at the Technical University of Darmstadt and, 
while there, played an important part in training technical 
men for the pulp and paper industry of all the major 
countries. In 1923 he returned to industry as research di- 
rector of the rayon company Vereinigte Glanzstoff, A-G., 
near Berlin, and initiated his studies in the viscose and rayon 
field. After three years he left Germany for Canada where 
he established the famous research laboratory of the Canadian 
International Paper Company at Hawkesbury. In 1938 he 
joined the staff of The Institute of Paper Chemistry. 

While at the Institute, he taught cellulose chemistry to 
students and staff alike, by formal lecture, seminar, student 
thesis committees, and in project conferences. In addition, 
he contributed extensively from his knowledge and experi- 
ence to the projects of the Institute and its cooperators. 
Knowledge with him was something to be shared freely and 
with anyone who needed it—not something to store away 
to be dispensed grudgingly. Another of his outstanding 
characteristics was his eagerness to learn—he was a good 
listener. 

Dr. Heuser’s activities as an author are well known. His 
textbook, “Cellulose Chemistry,” was first published in 1921, 
and two years later a second edition was printed; this was 
translated into English by C. J. West and G. J. Esselen, Jr. 
The translators acknowledged the hélp given by L. E. Wise 
in reading and critizing the manuscript. Little did Dr. Heuser 
realize back in 1924 that two of the three men to cooperate 
with him on the English edition of his book would turn up 
some fifteen years later as his colleagues on the staff of The 
Institute of Paper Chemistry. This second edition was trans- 
lated into Russian and was followed in 1927 by a third 
German edition. In 1944 Dr. Heuser published his greatly 
enlarged “Chemistry of Cellulose.” In addition, during the 
twenties he founded the journal Cellulosechemie and was 
editor of the technical section of Der Papierfabrikant. He 
was the chief editor of a series of books entitled “Technik und 
Praxis Der Papierfabrikation.” 

The article in Chemical and Engineering News lists among 
his technical accomplishments the development of the idea 
that celluloses from all known sources have identical molec- 
ular structures when freed from their noncellulosic impurities. 
To-day we take this more or less for granted, but twenty 
years ago this was not the case. If we were to select the 
field in which his researches have been the most beneficial, 
it would probably be that one dealing with the development 
of purified pulps for use in the manufacture of cellulose 
derivatives and rayon. Among his scientific activities at the 
Institute, we might list his studies of the photochemical 
degration of cellulose, the relation between the distribution of 
molecular weights and the physical properties of various 
cellulose fibers, and of the modification of the properties of 
cellulose fibers by partial conversion into cellulose derivatives,. 
to list just a few. In addition to his work on cellulose, he 
has been interested over the years in the properties of hemi- 
celluloses, lignin, and many other related materials. Members: 
of our staff have had the experience of developing a new 
idea, only to find on checking the literature that the same 
idea had been suggested by Dr. Heuser years earlier. 


(continued on page 60 A) 
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Those rather well-known characteristics and accomplish- 
ments of Emil Heuser furnish the pattern by which he is known 
to the world at large. To describe the “Dr. Cellulose” we 
like and admire so much at The Institute of Paper Chemistry 
calls for more than a listing of his technical accomplishments, 
for he is a curious combination of the scientist, the artist, 
and the general good fellow. In his youth he devoted much 
time to studying the arts, and in this environment he met and 
married the portrait artist who has been the center of the 
Heuser family circle ever since. His early interest in painting 
has never diminished, as the walls of his house and office in 
Appleton testified. He loves music. At Lawrence College, 
concerts by renowned musicians and tyros alike were always 
graced by the presence of the Heusers. Many a young musician 
was encouraged along the way by their interest. The word 
“semiitlich” completely describes their life. At the same 
time, as both students and assistants can testify, the Pro- 
fessor could be peppery, particularly at a shabby piece of 
work, whether it was in science or in art. In his own work 
he held himself up to nothing but the best. In his writings 
he would shape and reshape a phrase to capture the most 
effective way of describing the idea. His lectures were models 
of arrangements and of English. 

Naturally a man of this type could not be happy unless 
he were active in the broader scientific associations of his 
community. He was a member of the Northeast Wisconsin 
Section of the American Chemical Society of which he is 
a past-distinguished president. Following the presentation 
of the technical address at the meetings of the society, when- 
ever the discussion seemed to lag, Dr. Heuser would bring 
it back into focus by some well-chosen question or refer- 
ence to an application; whether the subject dealt’ with cellu- 
lose or rare metals made very little difference to him. His 
broad background and interests always seemed to reach out 
to the point of common understanding which is so essential 
to a good discussion. 

TAPPI honored Dr. Heuser in presenting him with the 
TAPPI medal for 1948, and Dr. Heuser, in turn, honored 
TAPPI as a worthy recipient of the medal. His associates 
at the Institute all join me in extending our congratulations 
and best wishes on this occasion of recognition of his services 
to the pulp and paper industry. 


RESPONSE BY EMIL HEUSER 


I am very grateful to Dr. Lewis for his fine and cordial 
comments. How deeply I appreciate the honor bestowed 
upon me by TAPPI, I have expressed on various occasions. 
Once more, I wish to say that the TAPPI medal award fills 
me with pride and gratitude. 

Of the various periods of my activities which Dr. Lewis 
has mentioned, I particularly like to remember those during 
which I had an opportunity to apply scientific principles 
to technical processes, so as to give justification to the em- 
pirical and, furthermore, to see how procedures and reactions, 
worked out in the small scale in the laboratory, would operate 
in the large scale plant. 

When I had been lucky enough to get some first hand 
knowledge of how rayon was made commercially and when 
research in this field had uncovered some, although. still 
rather vague, ideas of what the essential characteristics should 
be that would make a good rayon pulp, I was given an 
excellent opportunity to prove or disprove such ideas dur- 
ing my association with the Canadian International Paper 
Company. Those concerned with the manufacture of rayon 
pulp had just begun to realize that the pulp’s viscosity was 
one of its foremost characteristics, and that a uniform vis- 
cosity was even more important than other characteristics. 
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However, there still existed considerable difficulty im pro- 
ducing the desired viscosity and in keeping it reasonably 
uniform. Little was known about the relations between the 
variables which are operative during the pulping, bleaching.’ 
and purification steps and which all contribute, although 
to a different extent, to the viscosity of the final product. 
It was here where assistance was needed. So, the research 
laboratory went to work in an attempt to throw as much 
light as possible upon these relations. 

As a result of numerous experimental studies, it was recog— 
nized that—speaking generally—the viscosity and, for that 
matter, also the other main characteristics of a pulp are 
produced during the pulping operation and that attempts to 
impart to the pulp the desired viscosity during the bleaching 
and purification steps, i.e., with disregard to what happened 
during pulping, are doomed to failure. Likewise, it was. 
recognized that the purpose of these two latter steps should 
be essentially confined to producing brightness under as mild 
conditions as possible, so as to maintain the characteristics 
which had been aimed at and created in the digester. By 
adhering to this principle, the improvements in alpha-cellulose, 
copper number, etc., which the bleached pulp showed as 
compared with the unbleached, were quasi automatically ob- 
tained. 

Of the various factors which operate during the pulping: 
step to lay down the pulp’s viscosity, it is the maximum 
temperature and the length of time this temperature is main- 
tained in the digester which were found to be the most 
decisive ones. On the same basis, the time allowed for re- 
ducing the pressure before blowing—the blow back time— 
proved to be an efficient means of adjusting the viscosity to 
values somewhat above or below those which existed at the 
end of the maximum temperature period. A general fixa- 
tion of the viscosity was possible by varying the combined 
SO: content of the cooking acid. Thus, the buffering action 
of a high combined was used to minimize hydrolytic effects, 
that is, to keep the viscosity on the high side, and vice-versa. 
However, in order to utilize and control these variables, 
strictest consideration had to be given to their relations to 
each other. 

Of course, today all these things and many more are com- 
mon knowledge. The same is true as far as the other pulp 
characteristics are concerned. In this respect it is interest- 
ing to recall the fact that some twenty years ago, these char- 
acteristics were quite a bit below those which are required 
to-day. Thus, an alpha-cellulose content of about 88% was 
then accepted, whereas, when I left Canada in 1938, it had 
to be at least 90%, and to-day, it has climbed to 91 to 92%, 
and the tendency is still upward. To most, this may appear 
to be not a big difference. But those who were and are 
actively engaged in rayon pulpmaking know how much effort 
is required for increasing the alpha-cellulose content even. 
only a few tenths of one percent without upsetting the vis- 
cosity. 

To-day, the pulp manufacturer knows not only how to 
produce a high alpha-cellulose and a correspondingly low 
noncellulosic carbohydrate content, but also how to fulfill the 
other requirements—that is, copper number, ash, calcium, iron 
and other metals, as well as resin, to be as low as possible and, 
in addition, to impart to the pulp those physical character- 
istics of adsorption, swelling, ete., which are so important for 
its good behavior when it passes through the various steps 
of conversion. However, it is good sometimes to remember 
that these accomplishments are the outcome of painstaking 
research, carried out over many years by a considerable 
number of men. 

It was a lucky coincidence that when the ground was being 
laid for the selection of suitable cooking methods for rayon 
pulp, the technique of pulp bleaching took a remarkable up- 
swing. Although one-stage bleaching—with all its draw- 
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backs—was still the most widely practiced system when I 
came to Canada in 1926, multiple stage bleaching had already 
made considerable strides. As is well known, C. B. Thorne 
of the Canadian International Paper Company was one of 
its pioneers, particularly in its high consistency and continu- 
ous system modifications. Thorne had just developed his 
bleaching tower. With two of these, high-consistency pulp 
suspensions were bleached continuously in two stages, using 
hypochlorite solutions in both, and washing and reconcen- 
trating the stock between the stages. Subsequently—for reasons 
of better control and facilitatmg the making of adjustments— 
the bleaching of rayon pulp became partly discontinuous, the 
second stage being carried out in a bellmer and at a lower 
consistency than in the tower. 

While these developments, which were chiefly concerned 
with the solution of the various mechanical problems, were 
in progress in the engineering offices and the plants, the re- 
search laboratories were busy with studying the chemical 
reactions involved. Thus, we became acquainted with the in- 
fluence of the various factors, as consistency, temperature, hy- 
drogen ion concentration, etc., upon the course of these re- 
actions and upon the intermediate and final characteristics of 
the pulp so produced. And, thus we learned how to make 
use of, and to change the variables, in the multiple stage 
system for producing the best results. Valuable practical in- 
formation was also acquired as regards the use of alkali in- 
stead of water and of various types of alkalies when treating 
the pulp between the stages, as a means of producing a more 
purified pulp. But the most welcome progress came with the 
revival of the use of chlorine, as such, as a bleaching agent. 

This revival had been sponsored about 1913 by De Vains 
and Petersen (U. S. Patent, 1914), but did not seriously in- 
terest those concerned with the bleaching of pulp until the 
early twenties» In making use of chlorine as a bleaching 
agent in the Kipawa and Hawkesbury mills of the Canadian 
International Paper Co., benefit was derived from the de- 
velopment which in the early twenties had resulted from the 
independent studies of Opfermann and of Niethammer and 
which had demonstrated the advantages of giving the un- 
bleached pulp considerably less than the total bleach de- 
mand in the form of chlorine and employing the balance in 
the form of hypochlorite, with an alkaline extraction after 
the chlorine treatment. The main outcome of these studies 
was that the bleaching process had now actually become a 
two-stage affair, and the application of this knowledge, to- 
gether with that derived from further studies of the alkaline 
purification step, to large-scale bleaching, first of rayon and 
then of paper pulp, proved to be quite successful, although 


not until the mechanical headaches, of which there were 
many and painful ones, had been overcome. 

What I have said on previous occasions, I wish to stress 
again, namely, that the research work we did would have 
been of little use, if it had not been for the excellent co- 
operation from those who were, and partly still are, responsi- 
ble for the large scale operations in the mills. Without their 
knowledge, experience ‘and skill, their understanding and en- 
thusiasm, we would have accomplished very little, indeed. 

During my activities in Canada, I often wished I would 
find leisure enough to sit down once in a while and to take 
account of the technical development, to “sift the chaff from 
the wheat,” to become more thoroughly impressed by, and 
thus to understand more fully, what mistakes we had made 
and why, and how to avoid them in the future. 

At the same time, I felt I was somewhat losing track of 
the theoretical developments which took place in the cellu- 
lose field. With the speed with which technical progress was 
moving ahead; with the pressure which such speed naturally 
exerted upon the work in the laboratory; with the increase in 
duties and responsibilities—there simply was not enough time 
left for such leisurely activities and for the concentration 
required for making such contemplation constructive. What 
I was longing for, I found years later so adequately expressed 
by W.S. Learned of the Carnegie Foundation for the Ad- 
vancement of Teaching when he said (Ann. Report 1942-43, 
JO Bll)! 


“The getting of knowledge is the means to an end. 
It is the filling of reservoirs for future use. It is the 
foundation for future wisdom. Day-to-day knowledge, 
therefore, will not serve. Knowledge must be deliber- 
ately matured and digested for permanent possession.” 


Thus, the desire of returning to academic life became 
stronger as time went on. On the other hand, I did not like 
the thought of becoming too much detached from the in- 
dustrial development. Hence, when the Institute of Paper 
Chemistry seemed to offer the thing I was looking for—one 
may call it a synthesis of fundamental and applied research— 
with the added chances of teaching and literary activity, I 
was only too glad to join its staff. 

I do not think that I should add anything to what Dr. Lewis 
has said about the time of my association with the Institute— 
except restating that I have thoroughly enjoyed these last 
ten years, namely, the work with the students, the association 
with so many excellent and capable men of the industry, the 
working together and exchange of thoughts with my col- 
leagues, and the opportunity of reviewing the standing of what 
we know to-day of this shrewish, elusive, and yet so attractive 
thing called cellulose. 
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New TAPPI Members 


The Executive Committee of the Technical Association of 
the Pulp and Paper Industry has elected the following to 
membership : 

Geoffrey Beall, Statistician, Preston Laboratories, Butler, 
Pa., a 1938 graduate of the University of London with a Ph.D. 
degree. 

Kenneth Bowers, President and Chief Engineer, Glens Falls 
Laboratory, Inc., Glens Falls, N. Y. Attended .Northeastern 
University. 

Harrison G. Burbidge, Junior Chemist, Provincial Paper 
Ltd., Port Arthur, Ont., a 1944 graduate of Queeys University. 

Roger A. Calsibet, Assistant Division Manager, Bakelite 
Corp., New York, N. Y., a 1940 graduate of Princeton Uni- 
versity. . 

J. Andrew Clark, Sales Manager, Wallerstein Co., Inc., New 
York, N. Y., a 1917 graduate of Rhode Island State College. 

Joseph P. Early, Assistant Chemist, International Paper 
Co., Niagara Falls, N. Y., a 1944 graduate of the New York 
State College of Forestry. 

John M. Fisher, Chemical Engineer, The Manistique Pulp 
& Paper Co., Manistique, Mich., a 1944 graduate of Louisiana 
State University, with a B.S. degree in Mechanical Engineer- 
ing; and a 1947 graduate of Purdue University with a BS. 
degree in Chemical Engineering. 

William A. Hermanson, Technical Director, Technical Papers 
Corp., and William A. Hermanson & Co., Boston, Mass., a 
1916 graduate of Harvard University. 

H. Maxwell Hughson, Research Engineer, Provincial Paper 
Ltd., Port Arthur, Ont., a 1945 graduate of the University of 
Toronto. 

Thomas M. James, Jr., Service Engineer, The Flox Co., 
Inc., Minneapolis, Minn. Attended the University of Muin- 
nesota. 

Wallace W. Klug, District Manager, Reichhold Chemicals, 
Inc., Milwaukee, Wis., a 1916 graduate of Kentucky Military 
Institute. 

Ralph M. Lapham, Director of Research, Glens Falls Labo- 
ratory, Inc., Glens Falls, N. Y. ; 

John T. Moss, Sales Engineer, The Pusey & Jones Corp., 
Wilmington, Del., a 1934 graduate of Purdue University. 

Edward A. Murphy, Superintendent of Paper Mill, St. Regis 

Paper Co., Oswego, N. Y. 

George B. Nicholson, Jr., Research Engineer, Dilts Machine 
Works, Fulton, N. Y., a 1941 graduate of the New York State 
College of Forestry. 

Richard V. Osborn, Technical Director, Imperial Mill, St. 
Regis Paper Co., Kalamazoo, Mich., a 1946 graduate of Clark- 
son College of Technology. 

Edward B. Osborne, Technical Service Engineer, B. F. Good- 
rich Chemical Co., Cleveland, Ohio, a 1941 graduate of Illinois 
College, with an MS. degree from the University of Wiscon- 
sin in 1943. 

Robert Schulein, 1150 Park Avenue, New York, N. Y., a 
1948 graduate of the New York State College of Forestry. 

J. R. Sen, Engineer, Bengal Paper Mills, Raniganj, West 
Bengal, India, a 1935 graduate of Kanchrapara Technical 
School. 

William Moore Springer, Vice-President in Charge of Re- 
search, Bristol-Myers Co., Hillside, N. J., a 1915 graduate of 
Columbia University. 

Cyril J. Straka, Laboratory Supervisor, Westinghouse Blee- 
tric Corp., Micarta Division, Trafford, Pa. 
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Dean Sutton, Agent, Paris Office, Gaillet & Hartig Co., Inc., 
New York, N. Y., a 1931 graduate of the University of Notre 
Dame. 

Lester J. Tarbell, Assistant to Vice-President, Bird & Son., 
Inc., East Walpole, Mass., a 1938 graduate of the University 
of Maine. 

James S. Thornton, Sales Engineer, Downingtown Manufac- 
turing Co., Downingtown, Pa., a 1941 graduate of Massachu- 
setts Institute of Technology. 

Claire Turner, General Superintendent, Warrensburg Pulp 
& Paper Corp., Warrensburg, N. Y. 

Fred A. Wolf, President, Coatings and Chemicals Corp., 
Chicago, Ill., a 1939 graduate of the University of Illinois. 


TAPPI Directory Changes 


John R. Stephenson, formerly manager of the Waloomsack 
Paper Mills, is now a member of the firm of Baxter-Stephen- 
son, Consulting Engineers, Middletown, Ohio. 

Harold T. Randles, chemist for the St. Regis Paper Co., 
has been transferred from Deferiet, N. Y., to Tacoma, Wash. 

Paul V. Greenfield, formerly student at the Inst. Paper . 
Chemistry, is now in the Research and Production Section, 
Ethyl Cellulose Division, Dow Chemical Co., Midland, Mich. 

Fred 8. Hanson, formerly research chemist, Kimberly-Clark 
Corp., 1s now asst. professor of chemical engineering, New 
Mexico A. & M. College, State College, N. M. 

John O. Edwards, formerly student, Inst. Paper Chemistry, 
is now in the chemistry department, University of Wisconsin, 
Madison, Wis. 

John FE. Bauman is now asst. manager, 
Mfg. Co., Chicago, Ill. 

Lewis K. Burnett, formerly of the Curtis Publishing Co., is 
now manager of quality control, Ohio Boxboard Co., Rittman, 
Ohio. 

Edward W. Murphy, formerly of the H. D. Catty Corp., is 
now asst. ia mee Milprint, Inc., Milwaukee, Wis. 

Lloyd Lang, formerly development engineer with the Cros- 
sett Paper Mills, is now with the Green Bay Paper and Pulp 
Co., Green Bay, Wis. 

John B. Calkin, formerly of the Union Bag & Paper Corp.. 
is now consultant to the pulp and paper and chemical process 
industries, 500 Fifth Ave., New York 18, N. Y. 

Ralph J. Benes, Jr., x now asst. steam superintendent, In- 
ternational Paper Co., N. Tonawanda, N. Y. 

C. R. P. Cash, former a of the Brown Co., is now superin- 
tendent of the board mill, Fibreboard Products, Inc., Antioch, 
Calif. 

Russell V. Knapp, formerly of the Bailey Meter Co., is now 
power engineer, Mosinee Paper Mills, Mosinee, Wis. 

John D. McCrystle, formerly with Johnson & Johnson, is 
now asst. to the president, The Upson Co., Lockport, N. Y. 

Lawrence L. Clapp is now technical director, Florida Pulp 
& Paper Co., Pensacola, Fla. 

Richard $8. Buckley, formerly with the Fernstrom Paper 
Mills, is now chief chemist, Rochester Paper Co., Rochester, 
Mich. 

Hans Gottstein-Glynn, formerly of Thomas Owen & Co. 
Ltd., is now director of The Anglo-Continental Pulp and Trad- 
ing Co. Ltd., London, Eng. 

Fred §. Van Voorhis is ae technical engineer, John A. 
Manning Paper Co., Troy, N. 


(continued on page 66 A) 
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© Infilco 


wth CYC LATOR 
EXCLUSIVE INFILCO process 


e@ Stops Loss of Valuable Fibre 


e Compliance with Anti-Stream Pollution Regulations 


OUTSTANDING RESULTS NOW BEING OBTAINED 
in treatment of board mill white water 


e Effluent contains only 4# per 1000 gallons — 95% 
suspended solids removed 


e 50% (5-day) B.O.D. Reduction 


e@ Stock of 1% consistency recovered for re-use 


Write for 
Bulletin 
No. 850 | 


Water Conditioning and Waste Treating Equipment (qAIFII 


Write or Call nearest Field Engineer or Chicago Headquarters 


Atlanta Columbus, Ohio Edgefield, S.C. Los Angeles Orlando, Fla. 

Baton Rouge Dallas El Paso Minneapolis Pittsburgh San Diego 
Boston Denver Houston New York City Philadelphia San Francisco 
Buffalo Detroit Indianapolis Omaha Salt Lake City Seattle 
Cleveland St. Louis Tulsa 


INFILCO INC. @© 325 WEST 25TH PLACE © CHICAGO 16, ILLINOIS 
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Congratulations to the _ 
New TAPPI Magazine 


—And may we 
Suggest to TAPPI 
Kalamazoo 
Glazed TILE 
Tanks and Chests 
for modern and 
efficient Paper 

Mill Production 


(continued from page 64 A) 

Edgar W. Pitt is now vice president, Central Paper Co., 
Muskegon, Mich. . 

Paul M. Schaffrath, formerly of the Howard Paper Mills, 
Inc., has joined the staff of the Pulp and Paper Dept., New 
York State College of Forestry, Syracuse, N. Y. 

Kenneth E. Glidden, formerly of the staff of the Institute of 
Paper Chemistry, is now director of research, The Celon Co., 
2034 Penna Ave., Madison, Wis. 

John Studeny, formerly research chemist, American Cy- 
anamid Co., is now with the Hammermill Paper Co., Erie, Pa. 

H. Ainsworth Harrison is now technical director for Cooke 
& Nuttall, Ltd., and the Associated Paper Mills, Ltd., Nor- 
wich, Lancs., and London, Eng. 

William M. Barrett is now pulp salesman, The Mead Sales 
Co., Chicago, IIl. 


DRAPER BROTHERS COMPANY 
CANTON, MASS. shee 


A. Sensor Ryan, formerly of the Vermont Bur. Industrial 
Research, is on the staff of the chemistry and chemical engi- 
neering department, University of Washington, Seattle, Wash. 

J. E. Goodwillie, vice president, has succeeded Harry C. 
Moore as official representative of the Beloit Iron Works, 
Beloit, Wis., in the Technical Association. 

Milan Boax, general manager, has succeeded A. H. Hansen 
(deceased) as corporate representative of the Northern Paper 
Mills, Green Bay, Wis., in the Technical Association. 

Kenneth L. Moses has succeeded Lyman Beeman as corpo- 
rate representative of the St. Regis Paper Co., New York, 
N. Y., in the Technical Association. 

KH. J. Manion, Eastern Division Manager, has succeeded 
H. L. Dunham as official representative of the Dicalite Divy., 
Great Lakes Carbon Co., New York, N. Y., in the Technical 
Association. 
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GUIDE TO PROFESSIONAL SERVICES 


HARDY S. FERGUSON & CO. 


Consulting Engineers 
200 FIFTH AVENUE, NEW YORK 10, N. Y. 


Consultation, Reports, Valuation and Designs 
for the Construction and Equipment of 
Pulp and Paper Mills 
Steam and Hydro-Electric Power Plants 
Dams and Other Hydraulic Structures 


GEORGE F. HARDY & SON. 
Mill Architects & Consulting Engineers 


441 Lexington Avenue, New York 17, N. Y. 
Established 1900 
John A. Hardy August F. Hartman Thomas T. Whittier 
Members—Am. Soc. C.E.; Am. Soc. M.E,; Eng. Inst. Can.; TAPPI. 


Consultation , Paper and Pulp Mills 
Reports Hydro-Electric and 
Valuations Steam Power Plants 


DESIGN—COMPLETE PLANS—SUPERVISION 


KNOWLES ASSOCIATES 


Consulting - Designing 
ENGINEERS 


Pulp and Paper Mills 


BOwling Green 9-3456 


19 RECTOR ST. NEW YORK 6, N. Y. 


CHAS. T. MAIN, INC. 
CONSULTING ENGINEERS 
80 Federal St., Boston 10, Mass. 
PULP AND PAPER MILLS 


Steam, Hydraulic and Electrical Engineering 
Process Studies, Design, Specifications and Engineering 
Supervision 
Reports, Consultation, and Valuations 


RODERICK O'DONOGHUE 
CONSULTING ENGINEER 


PULP MILLS—PAPER MILLS 


IMPROVED PROCESSES—DESIGNS—REPORTS 


420 Lexington Ave. New York 17, N. Y. 


TAPPI STANDARDS USED FOR ALL TESTS 
PAPER AND PULP TESTING LABORATORIES 
118 East 28th Street, New York 16, N. Y. 
MURRAY HILL 3-9761 
PHYSICAL PAPER 


NIGROGE SO GaL TESTING OF PULP 
PAPER PRODUCTS 


BACTERIOLOGICAL 


J. E. SIRRINE CO. Engineers 
Greenville, S. C. 


Est. 1902 


Paper * Pulp Mills * Waste Disposal * Textile Mills * 
Appraisals * Water Plans * Steam Utilization * Steam Power 
Plants * Hydro-Electric * Reports 
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a See 


WESTCOTT & MAPES, INC. | 


Architects & Engineers 
PAPER MILL STRUCTURES, EQUIPMENT AND POWER 
PLANTS 


INSPECTIONS, REPORTS, DESIGNS, SUPERVISION 


New Haven Connecticut 


FREDERICK WIERK 
CONSULTING ENGINEER 


P. O. Box 492 Great Neck, N. Y. 


Reports and Designs for Construction or Modernization of 
Pulp & Paper Mills, Steam and Hydro Power, Converting 
Plants, Etc. 


Calendar of TAPPI Meetings 


NATIONAL 


Annual Meeting, Commodore Hotel, New York, N. Y., 
February 21-24, 1949. 

Paper Coating Conference, Pantlind Hotel, Grand 
Rapids, Mich., April 25-28, 1949. 

General Fall Meeting, Multnomah Hotel, Portland, Ore., 
September 11-15, 1949. 

Fourth Engineering Conference of the Pulp and Paper 
Industry, Statler Hotel, Boston, Mass., October 31, 
November 1-3, 1949. 


LOCAL SECTIONS 


Curcaco Section: Chicago Bar Association, Chicago, Ill. 

February 21, 1949; March 21, 1949; April 18, 1949. 

DELAWARE VALLEY Section: Engineers Club, Philadelphia, 
Pars 

January 27, 1949; March 24, 1949; April 28, 1949; and 
May 26, 1949. 

EMpiIrb STATE SECTION: 

Western New York Group: February 9, 1949, at North 

Tonawanda, N. Y., co-sponsored by the International 

Paper Company and Robert Gair Co. Tour of mills, 

followed by dinner meeting. 

April 13, 1949, at Erie, Pa., sponsored by the Ham- 

mermill Paper Co. Tour of mill, followed by dinner 

meeting. 

Metropolitan Group: Fraunces Tavern, New York 

City 

Meetings on first Tuesday of month. 

JKALAMAZOO VALLEY Section: Park American and Colum- 
bia Hotels, Kalamazoo, Mich. 

Meetings on second Tuesday of month. 

Lake Srares Secrion: American Legion Club House, 
Appleton, Wis. 

February 8, 1949—Forest Products Laboratory Pro- 
gram 

March 8, 1949—Stock Preparation 

April 12, 1949—Marathon’s Canadian Operations 

New ENGLAND SECTION : 

Meetings usually held on the third Friday each month. 
usually at the Roger Smith Hotel, Holyoke, Mass., 
unless otherwise announced. 

Ounto Section: Manchester Hotel, Middletown, Ohio 

February 15, 1949—“Calender Finishes” 

March 10, 1949—“Paper Coating” 

Paciric SECTION : 

April 8, 1949, Longview, Wash.—Shibley Award Con- 

test 
PapERMAKERS & ASSOCIATES OF So. CaLir.: 

January 20, 1949—Ivan’s Cafe, Lynwood, Calif. “Hlec- 

tric Paper Machine Drives” 


NEW MEMBERS 
-OF THE ARWAX FAMILY 
OF WAX ADDENDS 


ARWAX POLYETHYLENE CONCENTRATES 


For grease-resistance and gloss PLUS higher blocking 
temperature . . . higher tensile strengths. 


Recommended Uses 
— Bread Wrappers . . . Milk Carton Wax. . 
Cartons. 


ARWAX BUTYL RUBBER CONCENTRATES 
Similar to ARWAX Vistanex concentrates but lower 

cost and easier to handle . Improves adhesion and 

flexibility of paraffin and microcrystalline waxes. 


. Greaseproof 


Recommended Uses 
— For improved wax laminations . . . for milk carton 
coating . in wax coatings for deep freeze cartons. 


ARWAX S-POLYMER CONCENTRATES 


Provide drier, harder and less rubbery wax coatings, 
than do Vistanex or Butyl rubber addends, Flexible .. . 
raise blocking point . . . improve tensile, decrease MVTR. 


AArRm 


AMERICAN RESINOUS CHEMICALS CORPORATION 


GENERAL OFFICES: 103 FOSTER STREET - PEABODY - MASSACHUSETTS 


CHICAGO, ILLINOIS NEW YORK, NEW YORK MONROVIA, CALIFORNIA 


Resin Emulsions, Solutions and Hot Melts for Adhesive Bases, Binders, Coatings, Sizes and Saturants 


TENAX FELIS 


—are made for YOUR paper ma- 
chines—for better—more efficient 
—more economical operation. 


(lu) 


WEAVING ATENAX FE A LOCKPORT FELT COMPANY LOOM 


The skill and experience of more 
than 50 years are woven into every 
Tenax Felt made to serve the paper 
industry. 


LOCKPORT FELT COMPANY 


NEWFANE ° NEW YORK 
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Re: Wider Markets for Paper... 


Cyanamid’s Technical Service Staff 


Helps Manufacturers Develop New Papers 


and Improve Quality of Their Products 


Our Technical Service Staff is available to help 
manufacturers develop new papers tarough the 
proper application of Cyanamid chemical 
products. Present papers may be improved 
quality-wise and processes made more efficient 
through their experienced counsel. 

If you have a “paper” problem, the services 
of the Technical Service Staff are at your call 
with no obligation. The specialized skill and 
experience of these paper chemical specialists, 
backed by our Stamford Research Laboratories, 
are as essential a component of our products as 
are the quality and uniformity inherent in every 


batch of Cyanamid paper chemicals. 


LWAX** Sizes * WAXINE* Sizes * Rosin Size * PAREZ* Resins 
mthetic Resins © Casein ¢ Alum ¢ Sulfonated Oils ¢ Fillers 
efoamers * Soda Ash © Caustic Soda * Salt Cake * Acids * Clays 
EROSOL* Wetting Agents * CAL MICRO** (Calcium Carbonate) and 


her Paper Chemicals. 
*Reg. U.S. Pat. Off. **Trade-mark 


sles Offices: Boston, Mass.; Philadelphia, Pa.; Pittsburgh, Pa.; Balti- 
ore, Md.; Charlotte, N. C.; Cleveland, Ohio; Cincinnati, Ohio; Chicago, 
; Detroit, Mich.; Kalamazoo, Mich.; St. Louis, Mo.; Los Angeles, Calif.; 
in Francisco, Calif.; Seattle, Wash. In Canada: Dillons Chemical Co. 


d., Montreal and Toronto. 


Look us up at the TAPPI Meeting in New 
York in February. We will be glad to discuss 


your paper chemical problems with you. 


AMERICAN Cyanamid COMPANY 


INDUSTRIAL CHEMICALS DIVISION 


30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 


